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There is provided amino acid derivatives 
of formula (I), wherein p. q, R'. R^, K\ R^ Y, 
n and B have meanings given in the description 
which arc useful as competitive inhibitors of 
trypsin-likc proteases, such as thrombin, and 
in panicular in the treatment of conditions 
where inhibition of thrombin is required (e.g. 
thrombosis) or as anticoagulants. 
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New thrombin inhibitors, their preparation and use 
Field of the Invention 

This invention relates to novel pharmaceutically useful compounds, in particular competitive 
inhibitors of trypsin-Iike serine proteases, especially thrombin, their use as medicamwits, 
pharmaceutical compositions containing them and synthetic routes to their pioduction. 

Background 

Blood coagulation is the key process involved in both haemostasis (i.e. the prevention of 
blood loss from a damaged vessel) and thrombosis (i.e. the formation of a blood clot in a 
blood vessel or in the heart, sometimes leading to vessel obstruction). 

Coagulation is the result of a complex series of enzymatic reactions. One of the ultimate steps 
in this series of reactions is the conversion of the proenzyme prothrombin to the active 
enzyme thrombin. 

Thrombin is known to play a central role in coagulation. It activates platelets, leading to 
platelet aggregation, converts fibrinogen into fibrin monomers, which polymerise 
spontaneously into fibrin polymers, and activates factor XIII, which in uun crosslinks the 
polymers to form insoluble fibrin. Furtheraiore, thrombin activates factor V and &ctor VUI 
leading to a •'positive feedback" generation of thrombin &om prothrombin. 

By inhibiting the aggregation of platelets and the fonnation and ciosslinking of fibriu 
effective inhibitors of thrombin would therefore be expected to exhibit antithrombotic 
activity. In addition, antithrombotic activity would be expected to be enhanced by effective 
inhibition of the positive feedback mechanism. 
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Prior Art 



The development of low molecular weight inhibitors of thrombin has been described by 
Claesson in Blood Coagul. Fibrinol. (1994) 5, 41 1. 



BlombSck et al. (J. Clin. Lab. Invest 21 suppl. 107, S9» (1969)) reported thrombin inhibitors 
based on the amino acid sequence situated around the cleavage site for the fibrinogen Aa 
chain. Of the amino acid sequences discussed, these authors suggested the sequence Phe-Val- 
Aig (P9-P2-P1, hereinafter referred to as the P3-P2-P1 sequence) would be the most effective 
10 inhibitor (for a classification of substrate specificity see Schechten and Bergen, Biophys. Res. 
Commun. (1967) 27, 157 and (1968) 32, 898). 

Thrombin inhibitors based on dipeptidyl derivatives with an a,(o-aminoalkyl guanidine in the 
PI -position are known fiom US Patent 4,346,078 and International Patent Application 
15 WO 93/1 1 1 52. Similar, structurally related, dipeptidyl derivatives have also been reported. 
For example International Patent Application WO 94/29336 discloses compoimds with, for 
example, aminomethyl benzamidines, cyclic aminoalkyl amidines and cyclic aminoalkyl 
guanidines in the PI -position; European Patent Application 0 648 780, discloses compounds 
with, for example, cyclic aminoalkyl guanidines in the Pl-positioa 

20 

Thrombin inhibitors based on peptidyl derivatives, also having cyclic aminoalkyl guanidines 
(e.g. either 3- or 4- aminomethyl- 1-amidinopiperidine) in the PI -position, are known from 
European Patent Applications 0 468 23 1 , 0 559 046 and 0 641 779. 

25 Thrombin inhibitors based on tripeptidyl derivatives with arginine aldehyde in the PI- 
position were first disclosed in European Patent Application 0 1 85 390. 



5 



More recently, arginine aldehyde-based peptidyl derivatives, modified in the P3-position, 
have been reported For example. International Patent A ilication WO 93/1 8060 discloses 
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hydroxy acids, European Patent Application 0 526 877 des-amino acids, and European Patent 
Application 0 542 525 0-methyl mandelic acids in the P3-position. 

Inhibitor of serine proteases (e.g. thrombin) based on electiophilic ketones in the Pl-position 
are also known. For exanq)!e, European Patent Application 0 195 212 discloses peptidyl a- 
keto esters and amides, European Patent Application 0 362 002 fluoroalkylamide ketones, 
European Patent Application 0 364 344 a,p,5-triketocompounds, and European Patent 
Application 0 530 167 a-alkoxy ketone derivatives of arginine in the Pl-position. 

Other, structurally diflFerent, inhibitors of trypsin-Iike serine proteases based on C4erminal 
boronic acid derivatives of arginine and isothiouronium analogues thereof are known from 
European Patent Application 0 293 88 1 . 

More recently, thrombin inhibitors based on tripeptidyl derivatives have been disclosed in 
European Patent Applications 0 669 3 1 7, 0 686 642 and 0 648 780 and International Patent 
Applications WO 95/35309, WO 95/23609 and WO 94/29336. 

However, there remains a need for effective inhibitors of trypsin-like serine proteases, such as 
thrombirL There is a particular need for compounds wiiich are both orally bioavailable and 
selective in inhibiting thrombin over other serine proteases. Compounds which exhibit 
competitive inhibitory activity towards thrombin would be expected to be especiaUy useful as 
anticoagulants and therefore useful in the therapeutic treatment of thrombosis and related 
disorders. 
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Disclosure of the Invention 



According to the invention there is provided a compound of formula I, 




wherein 

p and q independently represent 0, 1, 2, 3 or 4; 

represents H, 2;3-epoxypropyl, alkyl (which latter group is optionally substituted or 
terminated by one or more hydroxy group), a structural jfiagment of formula la 




la 



wherein A* represents a single bond or C,^ alkylenc and R* represents H or C,^ alkyl, 
provided that there are no more than six carbon atoms in the chain R''-C-C-A\ or, v/hm p 
represents 0, together with R^ represents a structural fragment of formula lb. 




lb 
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v^erein represents H or C1.3 alkyl; 

represents H, Si(Me)3, naphthyl, indolyl, CHR^'R^ or alkyl (v^ch latter groiq) is 
optionally substituted or terminated by one or more fluorine or hydroxy group) or C34 
cycloalkyl or phenyl (v^ch latter two groups are optionally substituted by one or more of 
5 alkyl, Cm alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, trifluoromethyl, 
N(H)R^, C(OpR^* ), or, when p represents 0, together with R* represents a structural 
fragment of formula lb; 

R^ represents H, Si(Me)3, naphthyl, indoiyl, CHR^R" or C|^ a'kyi (which latter group is 
optionally substituted or terminated by one or more fluorine or hydroxy group) or Cy^ 
to cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 
Ci^ alkyl, C]^ alkoxy, halo, hydroxy, cyano, nim>, methylenedioxy, trifluoromethyl, 
N(H)R^^ orC(0)OR^; 

R^\ R^, R^^ and R^ independently represent cyclohexyl or phenyl; 
R^ and R^' independently represent H, C,^ alkyl or C(0)R^; 
15 R^^, R^* and R^ independently represent H or Cm alkyl; 

R^ represents H or Cj^ alkyl; 

Y represents C1.3 alkylene optionally substituted by C^ alkyl, hydroxy, methylene or 0x0; 
20 nrefvesentsO, 1,2,3 or4;and 



B represents a structural fragment of formula IVa, IVb or IVc 
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wherein 

represents H, halo or alkyl; and 

and independently represent a single bond or CH2; 



5 provided that when r\ and R^ all represent p represents 0, Y represents (CH^^ n 
represents 1 and: 

(a) R^ represents unsubstituted phenyl and:- 

(i) B represents a structural fiagment of formula IVa and R^ represents then q does 
not represent 0 or 1 ; and 
10 (ii) B represents a structural fragment of formula IVb and X' and X^ both represent 
CH2, then q does not represent 0; and 

(b) R^ represents unsubstituted cyclohexyl, B represents a structural fragment of formula 
rVa and R^ represents H» then q does not represent 0; 

15 or a pharmaceuticaily acceptable salt thereof (hereinafter referred to as '^e compounds of the 
invention*'). 

The compounds of the invention may exhibit tautomerism. All tautomeric forms and 
mixtures thereof are included within the scope of the mvention. 

20 

The compounds of the invention may also contain one or more asymmetric carbon atoms and 
may therefore exhibit optical and/or diastereoisomerism. All diastereoisomers may be 
separated using conventional techniques, e.g. chromatography or fractional crystallisatiotL 
The various stereoisomers may be isolated by separation of a racemic or other mixture of the 

25 compounds using conventional, e.g. fractional crystallisation or HPLC, techniques. 
Alternatively the desired optical isomers may be made by reaction of the appropriate 
optically active starting materials under conditions which will not cause racemisation or 
q)imerisalion, or by derivatisation» for example with a homochiral add followed by 
separation of the diastereomeric esteis by conventional means (e.g. HPLC, chronic 

30 over silica). All stereoisomers are inchided.widun the scope of the inventiorL 
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AlkyI groups which K\ K\ R^ R^ R^ K\ K\ R", R^*. R^ and R^ may represent and 
wiiich R^ R^ and Y may be substituted by; cycloalkyi groups >^ch R^ and R^ may 
represent; and alkoxy groups vAnch R^ and R^ may be substituted by may be linear or 
branched, saturated or unsaturated. Alkylene groups which a' and Y may represent may be 
saturated or unsaturated. 

Halo groups which R' may represent and which R^ and R^ may be substituted by include 
fluoro, chloro, bromo and iodo. 

The wavy lines on the carbon atom in the fragments of foraiulae la, lb, IVa, FVb and IVc 
signify the bond position of the fragment. 

Abbreviations are listed at the end of this specification. 

When B represents a structural fragment of formula IVa, IVc or IVb in which latter 
fragment X' and both represent CH2, preferred compounds of the invention include those 
wherein n represents 1 . 

When B represents a structural fragment of formula IVb in which x' represents a single 
bond and X^ represents either a single bond or CH2, preferred compounds of the invention 
include those wherein n represents 2. 

When B represents a structural fragment of formula TVa, preferred compounds of the 
invention include those wherein R' represents H. 

P refe rred compounds of formula I include those wherein: 

R' represents methyl, 2,3-dihydroxypropyl or (2^-dimetbyl-l,3-dioxalan-4-yl)methyl; 
prepresentsO; 

R^ represents H, optionally substituted C|^ alkyl, or optionally substituted phenyl; 
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q represents 0, 1 or 2; 

represents aUcyl, naphthyl, indolyl, optionally substituted cyclohexyl or optionally 
substituted phenyl; 

Y represents CHi, (CH^, (CH^, CH2CH(CH3)CH2, CH2C(=0)CH2 or CH2C(=CH2)CH2; 
represents H. 

When R^ represents C|^ alkyl, preferred optional substituents include hydroxy. Preferred 
points of attachment for the hydroxy group include the carbon atom which is a to the 
carbon atom to which OR* is attached. 

More preferred compounds of the invention include those wherein: 
R* represents H; 

R^ represents H, methyl, hydroxymethyl or ethyl; 
q represents 0; 

R^ represents optionally substituted phenyl or optionally substituted cyclohexyl; 

Y represents CH2, (CH2)2 or CH2C(=CH2)CH2; 

When R^ and R^ both represent H, R^ represents unsubstituted phenyl or imsubstituted 
cyclohexyl and q represents 0 or 1, preferred compounds of the invention include those 
i^erein Y represents CH2 or CH2C(=CH2)CH2. 

When R' represents R^ represents unsubstituted phenyl or unsubstituted cyclohexyl and 
q represents 0 or 1, preferred compounds of the invention include those wherein R^ 
represents methyl» hydroxymethyl or ethyl 

When R^ represents cyclohexyl or phenyl, preferred optional substituents include hydroxy, 
fluoro, chloro, methyU methoxy, amino, nitro, trifluoromethyl, methylenedioxy, ethoxy and 
propoxy. Particular substituents include hydroxy, mono- or difluoro, diloro, methyl, 
methoxy and methylenedioxy. 
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Particularly preferred compounds of the invention include those wiierein 
Y represents CH2; 

B represents a structural fragment of formula IVa. 



Compounds of the invention in which the a-amino acid carbon in the fiagment 




is in the S-configuration are preferred. The wavy lines on the nitrogen and carbon atom in 
the above fragment signify the bond position of the fragment 

When R' and both represent H and p represents 0, preferred compounds of the invention 
are those in which the a-carbon in the fragment 

O 



is in the R-configuration. The wavy line on the carbon atom in the above fiagment signifies 
the bond position of the fiagment 

Preferred compounds of the invention include: 




H 



(CH2), 



•3 



Ch-(R^)CH(OH>C(0>Aze.pab; 

aKR)CH(0H)-C(0)-A2B-Pab; 

PhKR)CH(OH)-C(0>-Aze-Pab; 



Ph(3-MeHR,S)CH(0HK(0)-Aze*Pab; 
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Ph(3-0MeHR,S)CH(0H)-C(0>Aze-Pab; 

Ph(34-diOMeHR,S)CH(OHK:(0)-Aze-Pab; 

Ph(3-OMe,4-OHHR,S)CH(OHK:(0)-Aze-Pab; 

Ph<R^)C(EtX0H)-C(0>A2B.pab; 

Ph-(R^)C(EtXOH)-C(0)-Pro-Pab; 

(Ph)2C(0H)-C(0)-Aze-Pab; 

Ph(3-OMe,4-OHHR»S)CH(OHHXO>Pro-Pab; 

Ph-(R)CH(OH)-C(0>Aze-Pac; 

Ph^)CH(OHK:(0)- (R,S)Pic(cir-4-Me)-Pab; 

Ph(3,4-(-0-CHrO-)HR,S)CH(OH)-C(0)-A2e-Pab; 

Ph(3-OMeHR^)CH(OH>C(0)-Pro-Pab; 

Ph(3.5-diOMcHR,S)CH(OH)-C(0>Pro-Pab; 

Ph-(R,S)C(MeX0H)-C(0>A2e-Pab; 

Ph(3,5-diMeHR,S)CH(OH)-C(0)-Aze-Pab; 

Ph(3-NH2)-(R,S)CH(OH)-C(0)-A2e-Pab; 

Ph(3-NH:)-(R,S)CH(OH)-C(0)-Pio-Pab; 

Ph(3-NOjHR^)CH(OHK;(0)-Pio-Pab; 

Ph(3,4-(-0-CH2-0-)HR,S)CH(OH)-C(0)-Pio-Pab; 

Ph(3.5-diF)-(R^)CH(OH)-C(0>Pro-Pab; 

Ph-(R)CH((>CH2.(R,S)CH(-0-C(CH3)2-CW:H2-))-C(0>Aze-Pab; 

Ph-(R)C(MeXOH)-C(0)-Pio-Pab; 

Ph-(S)C(MeXOH}-C(0)-Pio-Pab; 

Ph(3,4-diF)-(R,S)CH(OHK(0>Pro-Pab; 

Ph-(R)CH(0H)-C(0HR,S)Pic(4-methylenc)-Pab; 

Ph(3-ClHR,S)CH(OH)-C(0)-A2e-Pab; 

Ph-(R,S)C(-0-C(CH3)2-O.CH2-)-C(0)-Aze-Pab; 

PhKR,S)C(-0-C(CH3)2-0-CH2-)-C(0)-Pio-Pab; 

Ph-(R^)C(CH20HXOH)-C(0)-Aze-Pab; and 

Ph-(R^)C(CH20HXOH)-C(0)-Pro-Pab. 
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Preparation 

According to the invention there is also provided a process for die preparation of compounds 
of formula I wiiich comprises: 

(a) the coupling of a compound of formula V, 

O 




(CH2)p (CHj), 

wherein p, q, r', and R^ are as hereinbefore defined with a compound of formula VI, 



X 




H— VI 

herein R^, Y, n and B are as hereinbefore defined; or 

(b) the coupling of a compound of formula VII» 
o 

RK 




X 




K V,, 

« OH 
wherein p, q, R', R^ R\ and Y arc as hereinbefore defined wiA a compound of formula 

vin. 

HjNKCHj^-B Vra 
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wherein n and B are as hereinbefore defined; 

for example in the presence of a coupling system (e.g. oxalyl chloride in DMF, EDC, DCC or 
TBTU), an appropriate base (e.g. pyridine, DMAP or DIPEA) and a suitable organic solvent 
s (e.g. dichloromethane, acetonitrile or DMF). 



Compounds of fonnula V are either commercially available, are well known in the literature, 
or are available using known tediniques. 

10 For example, compounds of fonnula V vdierein and both represent H, p and q both 
represent 0 and R^ represents naphtbyl or phenyl optionally substituted by one or more of 

alkyl, Ci^ alkoxy. halogen, hydroxy, cyano, methylenedioxy, nitro, trifluoromethyl, 
N(H)R^' or C(0)OR^ may be prepared by reaction of an aldehyde of formula DC, 

R^CHO K 
15 wherein R^* represents naphthyl or phenyl optionally substituted by one or more of C,^ 
alkyl, Ci^ alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, trifluoromethyl, N(H)R^^ 
or C(0)OR^* and R^^ and R^' are as hereinbefore defined, with: 



(i) a compound of formula X, 
20 R-CN X 

wiierein R" represents H or (€113)381, for example at elevated temperature (e.g. above room 

temperature but below 100**C) in the presence of a suitable organic solvent (e.g. 

chloroform) and, if necessary, in the presence of a suitable catalyst system (e.g. 

benzylammonium chloride), followed by hydrolysis in the presence of an appropriate base 
25 (e.g. NaOH); 



(ii) chloroform, for example at elevated temperature (e.g. above room temperature but 
below lOO^C) in the presence of a suitable organic solvent (e.g. chloroform) and, if 
necessary, in the presence of a suitable catalyst syste (e.g. benzylammonium chloride), 
30 followed by hydrolysis in the presence of an q>propriate base (e.g. NaOH); 
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(iii) a compound of formula XI, 

^vfaerein M represents Mg or Li, followed by oxidative cleavage (e.g. ozonolysis or osmium 
s or ruthenium catalysed) under conditions v/hxch are well known to those skilled in the art; or 

(iv) tiis(methylthio)methane under conditions ^ch are well known to those skilled in the 
art, followed by hydrolysis in the presence of an impropriate base. 

10 Compounds of formula V wherein represents H, represents CH2OH, p and q both 
represent 0 and R^ represents naphthyl or phenyl optionally substituted by one or more of 
Ci^ alkyl, Ci^ alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, trifiuoromethyl, 
N(H)R" or C(0)0R" may be prepared by reaction of a compound of formula XII, 



R^'c(0)C2H5 xn 

rith sodium hypochlo: 
temperature in the presence of a suitable solvent (e.g. water). 



IS wherein R^' is as hereinbefore defined with sodium hypochlorite for example at room 



Compounds of formula VI and VII are either commercially available, are well known in the 
literature, or are available using known techniques. For example compounds of formula VI 
20 may be made by standard peptide coiq>ling of a compound of formula Xm, 

K 

H-N Y XIII 




^OH 

wherein R^ and Y are as hereinbefore defined with a compound of formula VIII as 
hereinbefore defined for example under conditions such as those described hereinbefore for 
synthesis of compounds of formula I. Similarly compound of formula VII may also be 
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made by standard pqitide coupling of a compoimd of formula Xm as hereinbefore defined 
with a compound of formula V as hereinbefore defmed for example under conditions such 
as those described hereinbefore for synthesis of compounds of formula I. 

s Compounds of formula VIII, IX, X, XI» XII and XIII are either commercially available, are 
well known in the literature, or are available using known techniques. Substituents on the 
phenyl group in compounds of formula V, Vn, DC and XII may be interconverted by 
techniques well known to those skilled in the art . 

to The compounds of the invention may be isolated fiom their reaction mixtures using 
conventional techniques. 

It will be appreciated by those skilled in the art that in the process described above the 
fiinctional groups of intermediate compounds may need to be protected by protecting groups. 

IS 

Functional groups which it is desirable to protect include hydroxy, amino, amidino, 
guanidino and carboxylic acid. Suitable protecting groups for hydroxy include trialkylsilyl 
and diarylalkylsilyl groups (e.g. /cr/butyldimethylsilyl, /er/butyldiphenylsilyl or 
tzimethylsilyl) and tetxahydropyranyl. Suitable protecting g^yups for hydroxy groups, which 
20 groiq>s are attached to adjacent carbon atoms include 0,0 -isopropylidene. Suitable 
protecting groups for amino, amidino and guanidino include rerrbutyloxycarbonyl or 
benzyloxycarfoonyl. Amidino and guanidino nitrogens may be either mono- or diprotected. 
Suitable protecting groups for carboxylic acid bclude alkyi or ben^I esters. 

2S The protection and dqnotection of fimctional groups may take place before or after coi^)ling. 

In particular, the compounds of the invention may be prepared by processes comprising the 
ooiq>ling of an N-acylated amino acid or an N-protected amino acid When an N-protected 
amino acid is used the acyl ffoup may be added after coupling and deprotection of the 
30 nitn^gen atom may then be effected using standard methods thereafter. 
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IS 



Protecting groiq>s may be removed in accordance with techniques ^ch are well known to 
those skilled in the art and as described hereinafter. 

Ceztain protected intermediates of formula I, in vAich the amidino and guanidino nitrogens in 
B are protected, and ^ch may be made prior to a final deprotection stage to form 
compounds of the invention, are novel. 



X 



XIV 



According to a further aspect of the invaition tbere is provided a compound of formula XIV, 
o ^ 

•"V X 

wherein represents a structural fragment of formula IVd, IVe or IVf 




O^n:^ ^NHD- 



IVd 



N 



IVe 




ivr 



D' and independently represent H or benzyioxycarbonyl and p. q, R', R^, K\ R\ Y, n, R^, 
X'andX* are as hereinbefore defined^ provided that D' and do not both represent H. 



The wavy lines on the carbon atom in the fragments of formulae IVd, IVe or IVf signify the 
bond position of the fragment 
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The use of protecting groups is fully described in "Protective Groq)s in Organic Oiemistr/' , 
edited by J W F McOmie, Plenum Press (1973), and "Protective Groups in Organic 
Synthesis", 2nd edition, T W Greene & P G M Wutz, Wiley-Interscience (1991). 

5 It will also be appreciated by those skilled in the art tiliat, although such protected derivatives 
of compounds of formula I may not possess pharmacological activity as such, they may be 
administered parenterally or orally and thereafter metabolised in the body to form compounds 
of the invention vMch are pharmacologically active. Such derivatives may therefore be 
described as "prodrugs". All prodrugs of compounds of formula I are included within the 

10 scope of the invention. 

Protected derivatives of compounds of foraiula I which are pardculariy useful as prodrugs 
include compounds of formula XIV. 

15 Medical and pharmaceutical use 

The compounds of the invention are useful because they possess phamiacological activity. 
They are therefore indicated as pharmaceuticals. 

20 Accoixiing to a further aspect of the invention there is thus provided the compounds of the 
invention for use as pharmaceuticals. 

In particular, the compounds of the invention are potent inhibitors of thrombin, for example 
as demoiistrated in the tests described below. 

25 

Hie compounds of the invention are thus expected to be useful in those conditions where 
inhibition of thromlnn is required. 

The conqx)unds of the invention are thus indicated in the treatment or prophylaxis of 
30 thrombosis and hypercoagulability in blood and tissues of animals including man. 



9 
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The compounds of the invention are further indicated in the treatment of conditions v^ere 
there is an undesiiable excess of thrombin without signs of hypercoagulability, for example in 
neurodegenerative diseases such as Alzheimer's disease. 

5 

Particular disease states which may be mentioned include the treatment of and/or prophylaxis 
of venous thrombosis and puhnonary embolism, arterial thrombosis (e.g. in myocardial 
infarction unstable angina, thrombosis-based stroke and peripheral arterial thrombosis) and 
systemic embolism usually from the atrium during arterial fibrillation or firom the left 
to ventricle after transmural myocardial infarction. 

Moreover, the compounds of the mvention are expected to have utility in prophylaxis of re- 
occlusion (i.e. thrombosis) after thrombolysis, percutaneous trans-Iuminal angioplasty 
(PTCA), coronary bypass operations, microsurgery and vascular surgery in general. 

IS 

Further indications include the treatment and prophylaxis of disseminated intravascular 
coagulation caused by bacteria, multiple traimia, intoxication or any other mechanism; 
anticoagulant treatment when blood is in contact with foreign surfaces in the body such as 
vascular grafts, vascular stents, vascular catheters, mechanical and biological prosthetic 
20 valves or any other medical device; and anticoagulant treatment when blood is in contact with 
medical devices outside the body such as during cardiovascular surgery using a heart-lung 
machine or in haemodialysis. 

In addition to its effects on the coagulation process, thrombin is known to activate a large 
25 number of cells (such as neirtiophils, fibroblasts, endothelial cells and smooth muscle cells). 
Therefore, the compounds of the present invention may also be usefiil for the treatment or 
prophylaxis of idiopathic and adult respiratory distress syndrome, pulmonary fibrosis 
following treatment with radiation or cfaemother^, septic shock, se p ti c emia, inflammatory 
responses, vMdx include, but are not limited to, edema, . :ute or chronic atherosclerosis such 
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as coronary aiterial disease, cerebral arterial disease, peripheral arterial disease, reperfusion 
damage, and restenosis after percutaneous trans-iuminal angioplasty (PTCA). 

Compounds of the present invention that inhibit trypsin and/or thrombin may also be useful 
s in the treatment of pancreatitis. 

According to a further aspect of the invention, there is provided a method of treatment of a 
condition v^ere inhibition of thrombin is required which method comprises administration of 
a therapeutically effective amount of a compound of formula I as defined above, or a 
10 pharmaceutically acceptable salt thereof, to a person sufifering from, or susceptible to, such a 
corxiitioiL 

Pharmaceutical preparations 

IS The compounds of the invention will normally be administered orally, subcutaneousiy 

buccally, rectally, dermally, nasally, tracheally, bronchially, by any other parenteral route or 
via inhalation, in the form of pharmaceutical preparations comprising the active ingredient 
either as a free base, or a pharmaceutical acceptable non-toxic organic or inorganic acid 
addition salt, in a phaimaceutically acceptable dosage form. Depending upon the disorder and 

20 patient to be treated and the route of administration, the compositions may be administered at 
varying doses. 

The compounds of the invention may also be combined with any antithrombotic agent with a 
different mechanism of action, such as the antiplatelet agents acetylsalicylic acid, ticlopidine, 
25 clopidogrel, thromboxane receptor and/or synthetase inhibitors, fibrinogen receptor 
antagonists, prostacyclin mimetics and phosphodiesterase inhibitors . 

The compounds of the invention may further be combined with thrombolytics sudi as tissue 
plasminogen activator (natural or reocmibinant), streptokinase, urokinase, promokinase, 
30 ani^F^I"^^ streptokinase plasminogen activator complex (ASPAQ, animal salivary gland 
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plasminogen activators, and the like, in the treatment of thrombotic diseases, in particular 
myocardial in&rction. 

According to a further aspect of the mvention there is thus provided a pharmaceutical 
5 formulation including a compound of formula I as hereinbefore defined, or a 

pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically accqytable 
adjuvant, diluent or carrier. 

Suitable daily doses of the compounds of the invention in therapeutical treatment of humans 
10 are about 0.001*100 mg/kg body weight at peroral administration and O.OOUSO mg/kg body 
weight at parenteral administration. 

The compounds of the invention have the advantage that they may be more efficacious, be 
less toxic, be longer acting, have a broader range of activity, be more potent, produce fewer 
15 side effects, be more easily absorbed than, or that they may have other useful 
pharmacological properties over, compounds known in the prior art 

Biological Tests 

Detgrmination of Thrombin clotting Time CTD 

Human thrombin (T 6769, Sigma Chem Co) in buflFer solution, pH 7.4, 100 jil, and inhibitor 
solution, 100 fil, were incubated for one min. Pooled normal citrated human plasma, 100 ^1, 
was then added and the clotting time measured in an automatic device (KC 10, Amelung). 

The clotting time in seconds was plotted against the inhibitor concentration, and the ICsoTT 
was determined by interpolation. 

IC50TT is the concentration of inhibitor that doubles the thrombin clotdng time for human 
}o plasma. 
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Pfft^inarion Activated Partial Thromboplastin Time f APTH 
APTT was deteraiined in pooled nonnal human citraled plasma with the reagent PTT 
Automated 5 manufactured by Stago. The inhibitors were added to the plasma (lOjil inhibitor 
solution to 90jil plasma) followed by the reagent and calcium chloride solution and APIT 
was deteraiined in tiie mixture by use of the coagulation analyser KCIO (Amelung) according 
to the instructions of the reagent produce. The clotting time in seconds was plotted against 
the inhibitor concentration in plasma and the ICsoAPTT was determined by interpolation. 

IC50APTT is defined as the concentration of inhibitor in human plasma that doubled the 
Activated Partial Thromboplastin Tune. 

nfttemiinatio n nf thrombin time ex vrvo 

The inhibition of thrombin after oral or parenteral administration of the compounds of the 
invention were examined in conscious rats which, one or two days prior to the experiment, 
were equipped with a catheter for blood sampling fiom the carotid arteiy. On the 
experimental day blood samples were withdrawn at fixed times after the administiation of the 
compound into plastic tubes containing 1 part sodium citrate solution (0.13 mol per L) and 9 
parts of blood. The tubes were centrifiiged to obtain platelet poor plasma. Tbe plasma was 
used for detemination of thrombin time as described below. 

The citiated rat plasma, 100 ^iL, was diluted with a saline solution, 0.9%, 100 ^L, and plasma 
coagulation was started by the addition of human thrombin (T 6769, Sigma Chem Co, USA) 
in a buffer solution, pH 7.4, 100 jiL. The clotting time was measured in an automatic de\ice 
(KC 10, Amelumg, Gemiany). 

Where a compound of formula XIV was administered, concentrations of the appropriate 
active thrombin inhibitor of fonnula I in the rat plasma were estimated by the use of standard 
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curves relating the thrombin time in the pooled citrated rat plasma to known concentrations of 
the conesponding "'active'* thrombin inhibitor dissolved in saline. 

TestD 

ngtenninatioy i of thmmhin time in urine ex vivo 

Conscious rats were placed in metabolism cages for 24 hours following oral administration of 
compounds of the invention. The thrombin time was determined on the collected urine as 
described below. 

Pooled normal citrated human plasma (lOO^iL) was incubated with the concentrated rat urine, 
or saline dilutions thereof, for one minute. Plasma coagulation was then initiated by the 
administration of human thrombin (T 6769, Sigma Chem Company) in bufiFer solution (pH 
7.4; 100^L). The clotting time was measured in an automatic device (KC 10; Amelung). 

Where a compound of formula XIV was administered, concentrations of the appropriate 
active thrombin inhibitor of formula I in the rat urine were estimated by the use of standard 
curves relating the thrombin time in the pooled normal citrated human plasma to known 
concentrations of the conesponding **active'* thrombin inhibitor dissolved in concentrated rat 
urine (or saline dilutions thereof). By multiplying the total rat urine production over the 24 
hour period with the estimated mean concentration of the aforementioned active inhibitor in 
the urine, the amount of the active inhibitor excreted could be calculated. 

The invention is illustrated by way of the following examples. 

Examples 

Ggneral Exp^rimpntel Procedures. 

Mass spectra were recorded on a Finnigan MAT TSQ 700 triple quadnipole mass 
spectrometer equipped with an elcctrospray interface (FAB-MS) and VG Platform II mass 
spectrometer equipped with an elcctrospray intcrfecc (LC-MS) . *H NMR and "C NMR 
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measurements were peifoimed on BRUKER ACP 300 and Varian UNITY plus 400 and 500 
spectrometers, operating at frequencies of300.13, 399.96 and 499.82 MHz respectively, 
and at '^C frequencies of 75.46, 100.58 and 125.69 Mhz respectively. 



s Example 1 

Ch-{R,S)CHfOHVCfOVA»-Pab x HCl 



(i)BQC=Aas=CH 

Di-teit-butyl dicarbonate (13.75 g; 63 mmol) was added with stirring at room temperature to 
10 a mixture of 5.777 g (57 mmol) of L-azetidine-2-carboxyUc acid (H-Aze-OH) and 6.04 g (57 
nomol) of sodium carbonate in 50 mL of water and I GO mL of THF. After 60 h the THF was 
removed in vacuo and the mixture was diluted with water and acidified with 2 M potassium 
hydrogen sulphate. Extraction with methylene chloride followed by diying (magnesium 
sulphate) and evaporation of the solvent gave a residue vAnch was crystallized from 
15 methylene chloride:hexane to give 1 0.87 g (95%) of colourless crystals. 

'H-NMR (300 MHz; CDCI3): 5 4.85-4.7 (br s, 1), 4.0-3.75 (m, 2), 2.65-2.35 (m, 2), 1 .4 (s, 9). 

Cii)Boc'Azc'Pab(Z) 

20 At room temperature, EDC (13.5 g; 70 mmol) was added to a mixture of Boc-Aze-OH (10.87 
g; 54 mmol; from step (i) above), H-Pab(Z) x HCl (18.31 g; 57 mmol; prepared according to 
the method described in International Patent Application WO 94/29336) and DMAP (9.9 g; 
81 mmol) in acetonitrile (270 mL). After 16 h the solvent was removed in vacuo and replaced 
by ediyl acetate. The mixture was washed with water and an aqueous solution of citric acid. 

25 The organic layer was dried (magnesium sulphate) and the solvent was removed in vacuo to 
give a residue ^ch gave Boc*Aze-Pab(Z) (1 7.83 g) upon crystallization from a mixture of 
methylene chloride, toluene, diisopropyl ether and petroleum ether. 



30 



*H-NMR (300 MHz; CDCI3): 5 7.85-7.75 (d, IX 7.45-72 (m. 7), 52 (s. 2), 4.7 (t, 1), 4.6-4.4 
(m, 2), 3.95.3.8 C*q^ 1). 3.8-3.7 (q, 1), 2.5-13 (m. 2). 1.4 (s, 9). 
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(iii)H-AK'PabfZ) 

Boc-Aze-Pab(Z) (2.44 g; 5.2 mmol; from step (ii) above) was dissolved in a mixture of 10 
mL of trifluoroacetic acid and 1 0 mL of methylene chloride. After 30 minutes the solvent and 
5 trifluoroacetic acid vsrere removed in vacuo and the residue was dissolved in methylene 
chloride. The organic phase was washed with 10% sodium carbonate solution and dried 
(potassitun carbonate). Removal of the solvent in vacuo gave a residue which gave H-Aze- 
Pab(Z) (1.095 g; 57%) as colourless crystals upon crystallization from methylene chloride. 

10 'H-NMR (300 MHz, CD3OD): 6 7.85-7.75 (d, 2), 7.45-7.25(m, 7), 5.2 (s, 2), 4.5 (s, 2), 4.3 (d, 
1), 3.65 (q, 1), 3.4.3.3 (m. 1). 2.7-2.5 (m. 1), 2.4-2.2 (m, 1). 

Prepared in accordance with the method described by Kelly and LaCour (Synth. Comm. 22, 
IS 859 (1992)) in the following way. To a solution of (R,S)-hexahydromandelic acid (0.30 g, 1 .9 
mmol), a catalytic amount of DMAP, and pyridine (0.31 g, 3.9 mmol) in methylene chloride 
(5 niL) was added TMSCl (0.42 g; 3.9 mmol) dropwise. The reaction was stirred at room 
temperature for 4 h. The reaction was cooled to O'C and a catalytic amoxmt of DMF (3 drops 
from a 2 mL syringe) was added followed by oxalyl chloride (025 g; 2.0 mmol). The 
20 reaction was stirred for 1 h at 0**C, a mixmre of H-A2e-Pab(Z) (0.67 g; 1 .8 mmol; from step 
(iii) above) and pyridine (0.50 g; 6.3 mmol) was added and the reaction was allowed to warm 
to room temperature and stirred over night A 10% sohition of citric acid in methanol (6 mL) 
was added to the reaction. After 30 minutes, the reaction was poured into a separating funnel 
and diluted with 30 mL of ethyl acetate and the aqueous phase was extracted with ethyl 
25 acetate. The combined organic layers were washed with a saturated bicarbonate solution 
followed by brine and dried Qi^iSOi). After evqx)ration and flash chromatography on silica 
gel using methylene chloridermethanol (99:1 to 92:8) as eluent the sub-title compound (60 
mg; 6%) was obtained. 



wo 97/02284 



24 



PCT/SE96/00878 



'H-NMR (300 MHz; CDCI3) 5 1.0-1.9 (m, 1 1 H). 2.4-2J (m, 2 H), 3.80 (d, 1 H). 4.05-4.25 
(m, 1 H), 43^.5 (m. 2 H), 4.85-5.0 (m, 1 H), 5.18 (s, 2 H), 7.1-7.5 (m, 7 H). 7.65-7.8 (m, 2 
H), 7.86 (bt, 1 H, minor diastereomer and/or rotamer), 8.33 (bt, 1 H. major diastereomer 
and/or lotamer) 

"C-NMR (75 MHz, CDCI3) amidine and carbonyl carbons: 5 174.8. 170.6, 168.0 and 164.5. 

Ch-(R,S)CH(0H)-C(0>-A2e.Pab(Z) (60 mg; 0.12 mmo'; from step (iv) above) was dissolved 
in cthanol (5 mL), and 5% Pd/C and HCl (0.1 mL; cone) were added. The mbcture was 
hydrogenated at atmospheric pressure for 2 hours. After filtration and eviration the product 
was purified through preparative RPLC using (0.005 M NH4OAC, 0.005 M H0Ac):CH3CN 
4:1 as eluent After freeze drying, HCl (aq) was added and the solution was freeze dried. The 
yield of the title product was 1 5 mg (3 1 %). 

'H-NMR (300 MHz; D2O) the spectrum was complicated due to diastereomers and/or 
rotamers): 5 0.7-2.0 (m, 1 1 H), 2.25-2.4 (m, 1 H), 2.65-2.9 (m, 1 H), 3.79 (d, 1 H, minor), 
4.03 (d, 1 H, major), 4.05-4.15 (m, 2 H, minor), 4.35-4.45 (m (bt), 2 H, major), 4.5^.6 (m, 2 
H), 5.20 (m, 1 H, minor, the major signal overlapping with the HOD signal), 7.5-7.65 (m, 2 
H), 7.75-7.85 (m, 2 H). 

"C-NMR (75 MHz; CDCI3) amidine and carbonyl carbons (diastereomers and/or rotamers): 
5 1763, 175.4, 173.7, 173.3, 167.2 and 167.0. 

Example 2 

QHR)CHfQHKrf.OVAzg'Pab x HCl 



(t) nWRy-.Hf QH VrYOV A7i>-PahrZ> 

The sub-title compound was prepared according to the method described in Example l(iv) 
(R)-hexal^dromandeIic acid (from 0.60 g; 3.8 mmol) yielding 0.15 g (10%). 
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rit) rh-m^rWO HVCrOV A7e.Pab x HCI 

The dtle compound was prepared according to the method described in Example l(v) fiom 
Ch<R)CH(0H)-C(0)-A2e.Pab(Z) (0,12 g; 0^4 mmol; from step CO above). Yield: 52 mg 



'H-NMR (300 MHz; D2O; the spectrum was complicated due to rotamers): S 0.7-2.0 (m, 1 1 
H), 2.25-2.4 (m, 1 H), 2.6-2.9 (m, 1 H), 3.79 (d, 1 H, minor), 4.02 (d, 1 H, major), 4.05-4.15 
(m, 2 H, minor), 4.35-4.45 (m (bt), 2 H, major), 4.5-4.6 (m, 2 H), 5.19 (m, I H, minor, the 
major signal overiapping with the HOD signal), 7.5-7.65 (m, 2 H), 7.75-7.85 (m, 2 H). 
'^C-NMR (75 MHz, CDCI3) amidine and carbonyl carbons (rotamers): 171.9, 1702, 169.8 
and 163.8. 

Example 3 

(Ft) ^r(OHVCf QVAze-Pab x HCI 

(i)HiA2£iEah(ZU2JaCl 

The subtitle compound was prepared by reaction of Boc-Aze-Pab(Z) (see Example l(ii) 
above) with EtOAc staurated with gaseous HCI. The reaction mixture was evaporated after 
half an hour to give H-A2e-Pab(Z) x 2 HCI in a quantitative yield. 

(u^ rFtvrrnHvrrovA2e>Pab(Z^ 

A mixnirc of diethylglycolic acid (0.13 g; 0.80 mmol), H-Aze-Pab(Z) x 2 HCI (0.39 g; 0.88 
mmol; from step (i) above), TBTU (0.28 g; 0.88 mmol) in DMF (1 5 mL) was cooled on an 
ice bath. DIPEA (0.41 g; 32 mmol), was added and the reaction mixture was stirred at room 
temperature overnight The resultant mixture was poured into 500 mL of water and extracted 
3 times with ethyl acetate. The combined organic phase was washed with aqueous NaHC03 
and water, dried (Na2S04) and evaporated. The crude product was flash chromatographed on 
silica gel using methylene chloriderTHF as eluent Yield: 30 mg (8%). 



(54%). 
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•H-NMR (400 MHz; CDCI3): 8 8.04 (bt, IH), 7.77 (d, 2H), 7.40 (d, 2HX 7.35-7.2 (m, 5 H), 
5.17 (s, 2H). 4.90 (m, 1 H), 4.46 (dd, 1 H), 4.39 (dd, 1 H), 4.3-42 (m, 2 H), 2.66 (m, 1 H), 
2.44 (m, 1 H), 1.8-1.5 (m, 4 H), 0.9-0.75 (m. 6 H). 

{■•"') (Ft^rrnm^rnvAT^Pah x HCI 

The title compound was prepared according to the method described in Example 1 (v) fiom 
(Et)2C(0H)-C(0>-Aze-Pab(Z) (30 mg; 0.063 mmol; fiom step (ii) above). "Weld: 19 mg 
(79%). 

'H-NMR (300 MHz; I>20; the spectrum was conqilicated due to rotamers): 5 7.80 (d, 2 H), 
7.65-7.5 (m, 2 H), 5.43 (m, 1 H, minor rotamer) 4.90 (m, 1 H, major rotamer, 4.6^.5 (m, 3 
H), 4.1 1 (m, 1 H, rotamer), 3.70 (m, IH, rotamer), 2.8-2.55 (m, 1 H), 2.35-2.15 (m. 1 H), 
1.9-1.6 (m, 4 H), 1.0-0.75 (m, 6 H). 

"C-NMR (75 MHz; D2O) amidine and carbonyl carbons (rotamers): 5 178.3, 177.4, 175.0, 
173.5, 1672. 

Example 4 

(i) (Eb)aaOH>C(OV Aze-PabfZ) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from benzilic acid (0.18 g; 0.80 mmol). Yield: 0.16 g (35%). 

'H-NMR (300 MHz; Dfi): 8 7.93 (bt, 1 H), 7.71 (d, 2 H). 7.54-7.15 (m, 17 H), 5.14 (s, 2 H). 
4.89 (m, 1 H), 4.57 (m, 1 H). 4.48 (dd, 1 H), 435 (dd, 1 H). 3.60 (m. 1 H). 3.44 (m, 1 H), 
2.44 (m,lH). 223 (ni,lH). 

Cu)(EmzaOH)-aO)-Azc-Pab x HCI 

The title compound was jtepand according to the method described in Example l(v) from 
(Ph)jCXOH)<XO>A»-Pab(Z) (0.16 g; 028 mmol; fiom step (i) above). Yield: 90 mg (68%). 
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'H-NMR (400 MHz; DjO) the spectium was complicated due to rotamers: S 7.65-7^5 (m, 2 
H), 7.4-7.1 (m. 12 H), 5.1 3 (m, 1 H, minor rotamer), 4.77 (m. 1 H, major rotamer), 4.43 (d, 1 
H), 4.40 (d, 1 H), 4.12 (m, 1 H, major rotamer), 4.05-3.9 (m, 1 H, plus I H minor rotamer), 
2.55 (m, 1 H, minor rotamer), 2.39 (m, 1 H, major rotamer), 2.08 (m, 1 H). 
'^C-NMR (75 MHz; DjO) amidine and carbonyl carbons (rotamers): 6 175.7, 174,9, 174.6. 
173.4, 167.1 

Example S 

(i\ n-qH^.m.S^CHfOHVrrnVA7P-P;ihr7A 

Hie sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-2-hydroxyoctanoic acid (0.13 g; 0.80 mmol yielding 0.25 g (61%). 

'H-NMR (400 MHz; CDCI3): 6 8.24 (bt, IH, one diastereomer), 7.89 (bt, IH, one 
diastereomer), 7.8-7.75 (m, 2H), 7.4-7.45 (m, 2H), 7.35-7.25 (m, 5 H), 5.18 (s, 2H). 4.95-4.85 
(m, 1 H), 4.55-4.35 (m, 2 H), 42-4.0 (m, 3 H), 2.8-2.65 (m, 1 H), 2.6-2.4 (m, 1 H), 2.0-1.2 
(in.lOH). 0.9-0.8 (m, 3 H). 

Oi) n-C^ jj-(R.S^CH(OHVCrOVA7e-Pah x HCl 

The title compound was prepared according to the method described in Example l(v) finom n- 
C(H|3-(R,S)CH(OH)-C(0>Aze-Pab(Z) (0.14 g; 0.28 mmol; from step G) above) yielding 88 
mg(78%). 

'H-NMR (400 MHz; D2O): 6 7.7-7.6 (m, 2 H), 7.45-73 (m, 2 H),_5.03 (m, 1 H, one 
diastereomer) 4.74 (m, 1 H, one diastereomer overlt^ping widi the water signal), 4.45-4 J5 
(m, 2 H), 4.3-4.1 (m, 2 H), 4.0-3.8 (m, IH). 2.65-2.45 (m. 1 H), 23-2.1 (m, 1 HX 1.6^.9 (m, 
10 H), 0.75-0.65 (m. 3 H). 
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"C-NMR (75 MHz; DjO) amidine and caibonyl caiimns (diastereomos and lotamers): 6 
176.8. 176.4, 176.0, 173.5, 173.3, 173.2, 1672. 

Kxaniple6 

Ph^yHrnHyrrnvATe-Pah 

m Ph^V^WOHVr/OVAze-PabfZ^ 

The sub-title compound was prqnred according to the method described in Example 30i) 
fiom (RVmandeUc acid (0. 12 g; 0.8 mmol). The cnide product (0 J 1 5 g) was purified by 
flash chromatography (Si-gel; THFtEtOAc (6:4)). Yield 0.128 g (32%) of yibite powder, 
purity 91.2% (HPLC) 

'H-NMR (499.803 MHz, CDCI3): 8 8.14 (t, IH), 7.72 (d, 2H), 7.42 (d, 2H), 7.33 (t, 4H), 7.28 
(m, 3H), 7.22 (d, 2H), 5.18 (s. 2H), 4.92 (s. IH), 4.79 (dd, IH), 4.54 (broad s, IH). 4.39 (d, 
2H), 4.00 (q, IH), 3.53 (q, IH), 2.48 (m, IH), 2.24 (m, IH), 2.19 (broad s, IH) 
"C-NMR (125.688 MHz; CDCI3) (carboxyltc and amidine carbons): 6 173.1, 170.3, 168.1, 
164.5 

Ph-(R)CH(OH)-C(0)-Aze-Pab(Z) (107 mg; 0.214 mmol; fiom step (i) above) was dissolved 
in THFiwater (2: 1 ), 37 mg of Pd/C (4 mol% Pd) was added and the resulting solution was 
hydrogenated over 6 hours. The solution was filtrated through hyflo, and everted to 
dryness. To the resulting white powder was added 20 mL of water acidified with 0.42 mL of 
IM HQ (ca. 2 equivalents). The resulting solution was washed with 5 mL of EtOAc and 10 
mL of diethyl ether, and freeze-dried twice. Yield: 72 mg (84%) of vAiite powider. Purity: 
91%(HPLQ 

'H-NMR (399.968 MHz; DjO): 5 7.57 (t, 2H), 736 (d. IH), 7.32 (s3). 7.27 (s, IH), 725 (d, 
lH),7.19(in, lH),5.17(s, IH, major), 5.09 (s, IH, minor), 5.00 (dd, 1, minor), 4.38 (sA 
majorX 420 (dd, IR mqorX 3.98 (dd, 2H, minor), 3.97 (m, IH, major), 3.75 (dd, IH), 2.68 
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(s, IH, minor), 2.65 (m, IH, minor), 2.35 (m. IH, m^or), 2.12 (m, IH, major). 2.03 (m, IH, 
minor) 

"C-NMR (1 1 1.581 MHz; D2O) (caibonyl and amidine carbons): 5 174.5, 173.2, 172.5, 172.4 
Fyamplft 7 

fi) Phf4-CF,WR.sy!HrnHvrYnvA^P.hm 

The sub-title compound was prepared according to method described in Example 3(ii) from 
(R,S)-4-trifluoromcthyhnandelic acid (0.19 g; 0.88 mmol). Flash diromatogr^hy (Si-gel, 
CHiCljrTHF (6:4)) yielded 0.13 g (26%) of white powder. 

•H-NMR (300 MHz; CDCI3): S 9.6-9.2 (b, 1 H), 8. 1 (bt, 1 H, diastereomer), 7.9 (bt, 1 H, 
diastereomer). 7.7-7.1 (m, 13 H). 5.16 (s, 2 H), 5.07 (s, 1 H, diastereomer), 4.98 (s, 1 H. 
diastereomer), 4.80 (m, 1 H), 4.5-4.2 (m, 2 H), 4.1-3.5 (m, 2 H), 2.5-2.2 (m, 2 H) 
"C-NMR (75 MHz; CDCI3), amidine and carbonyl carbons (diastereomers): 5 173.3, 172.4, 
170.3, 168.3, 164.4 

fu) Phf4-CF^WRSv;HrnHvrrn^ .A7i..Pah v Hn 

Prepared according to the method described in Example l(v) from Ph(4-CF3)-(R,S)CH(OH)- 
C(0>-Aze-Pab(Z) (133 mg; 0.23 mmol; from step (i) above) to give the title compound as a 
w*ite crystalline powder. Yield 77 mg (70%). 

'H-NMR (300 MHz; DjO): 5 8.84 (m, I H. diastereomer/rotamer), 8.73 (m, 1 H, 
diastereomer/rotamer), 8.52 (m, 1 H, diastereomer/rotamer), 7.8-7.4 (m, 8 HX 5.46, 5.44, 
5.30, 5.20 (singlets, 1 H, diastereomers/rotamers), 4.96 (m, 1 H, diastereomer/rotamer, other 
signals from the same proton overiapping with the HDO-signal). 4.6-4.0 (m, 4 H), 2.9-15 (m, 
IH), 2.4-2.1 (m,lH) 

'^C-NMR (75 MHz; DjO), amidine and caibonyl carbons (diastereomers and lotamets): 5 
173.6. 173.3. 173.1, 173.0, 172.9, 167.0 
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Ryample 8 

Ph^A^M^^URSV ^HrOHVCrOVAze-Pab x HCl 
ffl Phf4^MeWlt SV^WOHVCrOVAze-PabfZ^ 

The sub-title compound was prepared according to method 3(ii) fiom (R,S) 4- 
methoxymandelic acid (0.18 g; 1.0 mmol. Flash chromatography (Si-gel; EtOAciMeOH 
(95:5)) yielded 27 mg (17%) of white powder. 

Diastereomeiic ratio 85:1 5; signals fiom the major diastereomer. 
'H-NMR (400 MHz; CDQa): 8 8.19 (m, 1 H), 7.80 (d, 2 H). 7.45 (d, 2 H). 7.4-7.2 (m. 7 H), 
7.13 (d, 2 H. minor rotamer). 6.90 (d, 2 H, major rotamer), 6.82 (d, 2 H, minor rotamer), 5.21 
(s, 2 H), 4.94.85 (m, 2 H; thereof a singlet at 4.89 (1 H)), 4.6-4.4 (m, 2 H), 4.02 (m, 1 H), 
3.81 (s, 3 H), 3.55 (m. 1 H). 2.62 (m. 1 H), 2J2 (m, I H) 

"C-NMR (100 MHz; CDCI3) amidine and carbonyl carbons: 8 173.6, 170.3, 167.8, 164.6 
r,\\ PhrA.nMpvn? s^rHroHvrrnvAze-Pah x HCi 

The title compound was prepared according to method described in Example l(v) fiom 
Ph(4-0Me)<R,S)CH(0H)-C(0)-Aze-Pab(Z) (27 mg; 0.05 mmol; fiom step (i) above). Yield 
15 mg (68%) of vi^te powder. 

Diastereomeric ratio 85:15; signals fix>m the major diastereomer. 
'H-NMR (400 MHz; DjO): 8 7.7-7.6 (m, 2 H), 7.5-7.3 (m, 4 H), 7. 1 8 (d, 2 H, rotamer), 6.97 
(d, 2 H, rotamer), 6.9-6.85 (m, 2 H, rotamer), 5.19 (s, 1 H, rotamer), 5.14 (s, 1 H, rotamer), 
5.01 (m, 1 H, rotamer), 4.76 (m, 1 H rotamer), 4.48 (s, 1 H), 4.3-3.7 (m, 7 H, thereof 2 
singlets at 3.78, 3.77 ( 3H)), 2.73 (m, 1 H, rotamer), 2.46 (m, 1 H, rotamer), 2.3-2.0 (m, 1 H) 
"C-NMR (75 MHz, D2O), amidine and carbonyl carbons (rotamers): 8 175.5, 174.1, 173 J, 
173.1, 167.1, 167.0 
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Phr4^HvrR.s^r wnHvrrQVA7£.Pab x HCi 
(i) Ph(4-OHKR,Sy:H(OHVaOVAK-PabfZ) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
fiom (R,S>4*hydioxymandelic acid (0.34 g; 2.0 mmol). Flash chromatography (Si-gel, 
EtOAc/EtOH 9/1) yielded 0.18 g (17%). 

'H-NMR (400 MHz; CDCI3): 5 7.70 (d, 2 H, minor diastereomer/rotamer), 7.64 (d, 2 H, 
major diastereomer/rotamer), 7.5-7.0 (m, 7 H), 6.82 (d, 2 H, major diastereomei/rotamer), 
6.67 (d, 2 H, mnor diastereomer/rotamer), 6.43 (d, 2 H, major diastereomer/rotamer), 5.30, 
5.26, 522, 521 (singlets, 2 H, diastereomers/rotamers), 4.95-4.8 (m, 2 H), 4.15-4.05 (m, 2 
H), 4.0-3.7 (m, 2 H), 2.7-2.5, (m, 2 H) 

a\} Ph(d.nUUU S^rWOffl^CfOVAze-Pab X HCI 

The sub-title compound was prepared according to the method described in Example l(v) 
from Ph(4-OHXR,S)CH(OH)-C(0)-Aze.Pab(Z) (94 mg; 0.18 mmol; from step (i) above). 
Yield: 37 mg (49%) of >^te powder. 

'H-NMR (600 MHz; DjO): 5 7.76, 7.72, 7.71, 7.68, 7.52, 7.47, 7.40, 7.35, 7.25, 7.19, 7.1 1, 
6.97, 6.82. 6.76, 6.73, 6.71 (doublets, 8 H, diastereomers/rotamers), 5.19 (s, 1 H, 
diastereomer/rotamer), 5.17 (s, 1 H, diastereomer/rotamer), 5.14 (s, 1 H, 
diastereomer/rotamer), 5.01 (m, 1 H, diastereomet/rotamer), 4.88 (m, 1 H, 
diastereomer/rotamer, other signals from the same proton overlapping with the HDO-signal), 
4.6-3.8 (m, 4 H), 2.77 (m, 1 H, diastereomer/rotamer), 2.62 (m, 1 H, diastereomer/rotamer), 
2.49 (m, 1 H, diastereomer/rotamer), 2.3-2.1 (m, 1 H) 

'^C-NMR (75 MHz; D2O), amidine and carbonyl carbons (diastereomers and rotamers): 5 



175.9, 174.8, 1743, 173.3, 1732, 172.9. 167.1 
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Example 10 

(i) Ph^Hj^y:HfnHvrrovA7«i.Pabm 
s The sub-title compound was prepared according to method described in Exan^le 3(ii) from 

(R)-phenyIlactic add (0^ g; 1^ mmol. Flash chroniatogn^>hy (Si-gel, CHjCli^THF (6:4)) 
yielded 0^8 g (36%). 

•H-NMR (500 MHz; CDClj): 6 8.19 (m, 1 H). 7.72 (d, 2 H), 7.43 (d, 2 H), 7.4-7.1 (m. 10 H), 
10 5.19 (s, 2 H), 4.73 (m, 1 H). 4.45-4.25 (m, 2 H), 4.19 (m, 1 H). 3.86 (m, 1 H), 3.18 (m. 1 H), 
3.0-2.9 (m. 2 H). 2.42 (m, 1 H). 2.14 (m, 1 H) 

"C-NMR(125 MHz; CDClj), amidine and caibonyl carbons: 8 174.5, 170.2, 167.9, 164.3 

(ii) f\^^^^^^^lAfn^n^m^.ATB.p»h x HCi 

IS Tbe title compound was prq>ared according to the method described in Example 1 (v) fiom 
Ph-CH2-(R)CH(0H)-C(0>Aze-Pab(Z) (0.22 g; 0.43 mmol; fiom step (i) above) to yield 
101.5 mg (57%) of white powder. 

'H-NMR (600 MHz; D2O): 5 7.73 (d, 2 H, major rotamer), 7.62 (d, 2 H, minor lotamer), 7.5- 
20 7.4 (m, 2 H), 7.4-7.2 (m, 5 H), 7.10 (m, 2 H, minor rotamer), 4.71 (m, 1 H, major rotamer), 
4.5-4.4 (m, 2 H), 4.34 (m, 1 H, minor rotamer), 4.14 (m, I H), 4.03 (m, 1 H). 3.53 (m, 1 H), 
3.05-2.95 (m, 2 H, major rotamer), 2.9-2.7 (m, 2 H, minor rotamer), 2.65-2.5 (m, 1 H, minor 
rotamer), 2.5-2.3 (m, 1 H, major rotamer), 2.3-2.1 (m, 1 H) 

"C-NMR (75 MHz; D2O), amidine and carbonyl carbons (rotamcB): 8 175.9, 175.0, 173.7, 
25 1732. 167.1, 166.8 




PCT/SE96/00878 



30 



wo 97/02284 



33 



PCT/5E96/00878 



F-Yamplell 

rh^vTHrnHvrrovPicPab 

Prepared according to M.Bodanszky and A.Bodanszky ("The Practise of Peptide Synthesis", 
Springer-Verlag) using THF instead of dioxan as solvent 

'HNMR (300 MHz; CDCI3): 5 5.0-4.8 (brd, lH),4.0(brs, lH).3.0(brs, lH),220(d, IH), 
1.65 (m, 2H), 1.5-1.3 (s + m, 13H) 

^iHRnc-PicPalrfZ^ 

The sub-title compound was prepared according to the method described in ExaRq>le l(ii) 
above from Boc-Pic-OH (2.02g; 8.8 nunol; from step (i) above) yielding l.S9g (44%). 

FAB-MS m/z 495 (M + 1)* 

*H NMR (400 MHz; CDClj): 5 7.83 (d, 2H), 7.43 (d, 2H), 7.36-7.1 1 (m, 5H), 6.52 (bs, NH), 
520 (s, 2H). 4.81-4.72 (m, IH), 4.61-4.34 (m, 2H). 4.10-3.90 (m, lH),2.79-2.64 (m, IH), 
2.36-225 (m, IH), 1.7-1.3 (m, 14H) 

Ciii)H-Pic-PabfZ)?{2HCl 

Boc-Pic-Pab(20 (1.59 g; 325 nunol; from step (ii) above) was dissolved in 100 mL of EtOAc 
saturated with HCl. The reaction mixture was evqwrated after half an hoxir to give the title 
product in quantitative yield. 

FAB-MS m/z 395 (M+1)* 

'HNMR (300 MHz; DjO): 5 7.82 (d, 2H), 7.63-7.41 (m, 7H), 5.47 (s, 2H), 4.69-4.49 (AB- 
system centered at 5 4.59, 2H). 4.03 (dd. 1H)3.52 (bd, IH). 3.10 (dt. IH). 229 (d4 IH). 
108-1.61 (m.SH) 
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(iv)H-PiC'PabfZ) 

The sub-title compound was generated by dissolving the dihydxochloride from step (iii) 
above in 2M NaOH followed by extraction with CH2CI2 and evaporation of the organic 
5 solvent 

M rh-rR^CHroHvcfflVPicPahf a 

The sub-tide compound was prepared according to the method described in Example 3(ii) 
from (R)-hexahydromandelic acid (0.152 g; 0.96 mmol) and H-Pic-Pab(Z) (0.417 g; 1.06 
10 mmol; from step (iv) above). Flash chromatogrs^y (Si gel, first EtOAc:toluene (3:2), then 
EtOAc) yielded 90 mg (18%). 

'H-NMR (300 MHz; CDCI3): 5 7.82 (d, 2H). 7.5-7.2 (m, 7H), 6.63 (t, X part of ABX-system, 
NH), 5.21 (s. 2H). 5.14 (d, IH). 4.46 (ABX-system, 2H), 4.26 (apparent s, IH), 3.61 (bd,lH), 
15 3.52 (bd, IH), 3.06 (dt» 1H)» 2.30 (bd, IH), 1.92-1.0 (m, 14H), 0.95-0.8 (m, IH) 

'^C-NMR (75 MHz; CDCIj) amidine and carbonyl carbons: 5 174.8, 170.3, 167.8 and 164.6. 

(vi) Ch'<R)CH(QH)>C(Q)-Pic-Pab x HCl 

The title compound was prepared according to the method described in Example l(v) from 
20 Cb-(R)CH-(OH)C(0)-Pic-Pab(Z) (from 59 mg; 0. 1 1 mmol; from step (v) above) yielding 19 
mg(40%). 

FAB-MS m/z 401 (M+1)* 

'H-NMR (300 MHz; DjO) the spectrum was complicated due to rotamers: 6 7.91-7.72 (m, 
25 major and minor rotamer, 2H), 7.58 (d, minor n>tamer,2H), 7.53 (d, major rotamer, 2H), 5.17 
(q)parent bs, major rotamer, IH), 4.66-4.28 (m, 3H), 3.96 (bd, major rotamer, IH), 3.26 (bt, 
major rotamer, IH), 3.05-2.88 (m, minor rotamer, IH), 2.39-220 (m, IH), 2.0-0.75 (m, 16H) 
"C-NMR (75 MHz; MeOD) amidine and carbonyl carbons at 6 175.86, 17320, 168.53 
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Example 12 

OvCHj^^Hf OHVCfOVPicPab x HCl 

A solution of phenyllactic acid (2.57 g) and rhodium on alumina (0.75 ^ in MeOH (170 mL) 
was hydrogenated in H2*atmospheie at 3 atmospheres for 2 days. The mixture was filtered 
through hyflo and evaporated to dryness to give the product in quantitative yield. 

'H-NMR (400 MHz; CDCI3): S 4.23 (bdd, IH). 3.24 (apparent s, OH), 1.68 (bd. IH). 1.63- 
1.43 (m, 6H), 143-1.31 (m, IH). 1.21-1.0 (m, 3H), 0.95-0.75 (m, 157 mg (0.91 mmol) 2H) 

(ii) Ch-CH2-(RX:H(QH)-C(Q>Pic-Pah(7:) 

TItt sub-title compotmd was prepared according to the method described in Example l(iv) 
from H-Pic-Pab(Z) x 2 HCI (353 mg; 0.76 mmoi; see Example 1 ICui) above) and 
Ch-CH2-(R)CH-(0H)-CCX)H (157 mg; 0.91 nunol; from step (i) above). The product was 
flash chromatographed (Si gel, EtOAcitoluene (7:3)) yielding 92 mg (22%). 

•H-NMR (300 MHz; CDCI3): 8 7.72 (d, 2H), 7.46-7.1 (m, 7H). 6.90 (t, NH), 5.18 (s, 2H), 

5.07 (d, IH), 4.45 (bd, IH), 4.37 (d, 2H), 3.73-3.47 (m. 2H), 3.10 (bt, IH), 224 (bd, IH), 

2.15-2.0 (m, IH), 1.90 (bd, IH), 1.80-1.05 (m, 12H), 1.05-0.75 (m, 3H) 

"C-NMR (75 MHz; CDCI3) amidine and carbonyl carbons: 5 175.88, 170.43, 168.04 and 

164.58. 

fiii^ Ch-CHj-TR^HrOHVCrOVPicPah x HCI 

The title compoimd was prepared according to the method described in Example l(v) above 
from Ch-CH2-(R)CH(0H>C(0)-Pic-Pab(Z) (62 mg; 0.1 13 mmol; from step (n) above) 
yielding 47 mg (92%). 



FAB-MS m/^ 415 (M+l)"^ 
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'H-NMR (300 MHz; D2O) the spectrum was complicated due to rotamers: 5 7.8S-7.71 (m, 
major and minor rotamer, 2H), 7.S6 (d, minor rotamer^H), 7.S0 (d, major rotamer, 2H), S. 12 
(^parent bs, major rotamer, 1H)» 4.68-4.2S (m, 3Iipaztly hidden by HDO)» 3.80 (bd, miyor 
rotamer, IH), 3.24 (bt» major rotamer» IH), 2.89 (bt, minor rotamer» lH),22S(m, IH), 1.92- 
0.82 (m, 17H), 0.60-0.40 (m, major rotamer, IH) 

'^C-NMR (75 MHz; D2O) amidine and carbonyl caifaons(rotamers): 5 177.10, 173.88, 
173.07, 167.24 

Example 13 

Ph-(R)CH(QMcVaQ>Azc-Pab x HCl 

MeOH (200 ml) was cooled to -40^C under an argon atmosphere. Thionyl chloride (47.1 g; 
0.396 mol) was added dropwise and the reaction mixture was stirred at -lO^^C for 35 
minutes. H-Aze-OH (10.0 g; 0.099 mol) was added and the mixture was stirred at room 
temperature overnight The reaction mixture was subsequently evaporated to yield 16.1 g 
(100%) of the title compoimd. 

^H NMR (400 MHz; CDCI3): 6 5.12-524 (m, 1 H), 4.08-4.29 (m, 2 H), 3.84 (s, 3 H), 2.65- 
2.87 (m. 2 H). 

(ii) Ph'(R)CH(QMcVCrQ)-Azg>QMg 

The subtitle compound was prepared according to the procedure described in Example l(ii) 
from R(-)-a-methoxyphenyl acetic acid (0.60 g; 3.6 nmiol) and H-Aze-OMe x HCl (0.55 g, 
3.6 nrniol, from step (i) above) yielding 0.32 g (34%). 



'H NMR (400 MHz; CDCI3): 6 7.29-7.48 (m, 5 H), 4.71-5.08 (m, 2 H), 3.92-4.3 1 (m, 2 H), 
3.69-3.83 (m, 3 H), 3.19-3.46 (m, 3 H), 2.13-2.65 (m, 2 H). 
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(iii) Ph.fR^CHrOMeVCrOVAri.^H 

To a solution of Ph-(R)CH(OMe)-C(0>Aze-OMe (0.32 g; 1 2 mmol; fiom step (ii) above) 
in THF (10 ml) a solution of lithium hydroxide monohydrate (0.071 g; 1.7 mmol) in HjO 
(6 ml) was added. The reaction mixture was stirred for 3 h and was subsequently 
evaporated. The residue was dissolved in H2O and was extracted with toluene. ThepHof 
the H2O layer was adjusted to 3 with aqueous HCl followed by an extraction with ethyl 
acetate (4 times). The combined organic layer was evirated to yield 0.28 g (92%) of the 
title compound. 

'H NMR (300 MHz; CDCl,): S 7.30-7.50 (m, 5 H). 4.95-5.10 (m, 1 H), 4.80 (s. 1 H), 4.10- 
4.35 (m, 2 H), 3.40 (s, 3 H), 2.40-2.80 (m, 2 H). 

fiv^ Ph.m^cwoMeWYnvAr^P.^^7^ 

The sub-title compound was prepared according to the procedure described in Example l(ii) 
fiom H-Pab(Z) x HCl (0.36 g; 1.0 mmol) and Ph-CH(OMe)-C(0)-Aze-OH (0.25 g; 1.0 
mmol; fiom step (iii) above) to yield 0.39 g (76%) as a vAdve powder. 

'H-NMR (400 MHz; CDCI3): 5 8.29 (m, 1 H), 7.77 (d, 2 H), 7.45 (d, 2 H). 7.4-7.2 (m, 10 H), 
5.22 (s. 2 H). 4.93 (m, 1 H). 4.69 (s, 1 H). 4.44 (m. 2 H). 4.15 (m. 2 H). 3.35 (s, 3 H), 2.69 
(m,lH),2.42(m,lH) 

M Ph-at^CHrOMeVCrnVAri..Pah V HPl 

The title compound was prepared according to method described in Example l(v) from Ph- 
(R)CH(0Me)-C(0)-A2e-Pab(Z) (0.15 g; 0.29 mmol; fiom step (iv) above) yielding 50.4 mg 
(41%) as a vH^te powder. 

'H-NMR (400 MHz; CD3OD; the a-hydrogen of Aze and Hhe heazy]ic hydrogen fiom the 
mandelate were obscured by the CDjOH-signal): 6 7.8-7.6 (m. 2 H), 7.6-7.4 (m. 2 H), 7.4-7.1 
(m. 5 H). 4.6-4.4 (m. 2 H), 43-4.0 (m, 2 H), 3.29 (s, 3 H), 2.7-2.5 (m. 1 H), 2.4-2.1 (m. 1 H) 
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Example 14 

Phn-nM^wR <;^rwnHu:rovA7i>-Pah x HCi 

s The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-methoxymandelic acid (270 mg; l.S mmol) yielding 340 mg (43%); 
diastereomeric ratio 1:1. 

FAB-MSm/z531(M+l)* 

10 'H-NMR (400 MHz; CDCI3): 6 8.14 (m, IH, diasteieomer), 7.87 (m, IH, diastereomer), 7.8- 
7.0 (m. lOH), 6.9^.7 (m, 3H), 5.16 (s, 2H), 4.96 (s, IH, diastereomer), 4.88 (s, IH, 
diastereomer), 4.85-4.7 (m, IH), 4.4^.2 (m, 2H), 4.05-3.9 (m, IH), 3.71 (s, 3H, 
diastereomer), 3.71 (m, IH, diastereomer), 3.66 (s, 3H, diastereomer), 3.58 (m, IH, 
diastereomer), 2.5-2.35 (m, IH), 2.32 (m, IH, diastereomer), 2.20 (m, IH, diastereomer). 

15 '^C-NMR (100 MHz; CDCI3) amidine and carbonyl carbons (diastereomers): 5 173.9, 1 73.0, 
170.5, 170.4, 168.3, 168.2, 164.5. 

(ii) Ph(3-QMeXR,SX:H(QH)^(QVAzc>Pab x HCI 

The title compound was prepared according to the method described in Example l(v) from 
20 Ph(3-0MeXR,S)CH(0H)-C(0)-Aze-Pab(Z) (230 mg; 0.43 mmol; from step (i) above) 
yielding 126 mg (67%) of product Diastereomeric ratio 1:1. 

FAB-MS m/z 397 (M+1)* 

'H-NMR (400 MHz; D2O; complicated due to (diastereomers/rotamm) and some 
25 impurities): 8 7.6-7.1 (m, 5H). 6.9-6.6 (m, 3H), 52-4.7 (m, 1.2H), 4.4-3.7 (m, 4-5H), 3.63 (s, 
3H, diastcreomer/rotamer), 3.55 (m, 3H, diastereomer/rotamer), 2.5-23 (m» IH) 22-2.0 (m, 
IH). 

^^C-NMR (75 MHz; D2O) amidine and carbonyl carbons (diastereomers/iotamers): 5 175.8» 
175.4, 174.8, 174.6, 168.5. 
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Example 15 

Phn>MeWR.S^CHrOm>aQVAze-Pah x HOAc 

(i) n^SV^-Methvlmandelic acid 

5 A mixture of 3-inethy Ibenzaldehyde ( 1 2.0 g; 0. 1 mol) and ben2yItriethylainmonium 
chloride (1.23 g; O.OOS mol) in CHCI3 (16 ml) was sdned at S6^C. A solution of NaOH 
(25 g) in H2O (25 ml) was added dropwise to the mixture. When the addition was 
completed the reaction mixture was stirred for 1 h. The reaction mixture was diluted with 
H2O (to give 400 ml) and extracted with diethyl ether (3 x 50 ml). The pH of the mixnire 

10 was adjusted to 1 with H2SO4 (cone.) followed by an extraction with diethyl ether (6 x 50 
ml). The combined organic layer was dried (MgS04) and evaporated. The crude product 
(1 1 .6 g) was recrystallized from toluene to give 8.47 g (51%) of the title compound. 

LC-MS m/z 165 (M - l)\ 331 (2M - 1)' 
IS NMR (600 MHz; CD3OD): 5 7.10-7.28 (m.4 H), 5.08 (s, 1 H), 2.32 (s,3 H). 

(ii) Ph(3-Mg)-fR,S)CHrQm-CfQVA7fi-Pat)(7,) 

The sub*title compound was prepared according to the method described in Example 3(ii) 
from (R,S>3-methylmandelic acid (0.22 g; 1.3 mmol; from step(i) above) yielding 0.37 g 
20 (54%). 

LC-MSm/z515(M+l)* 

'h NMR (400 MHz; CDCI3): 6 8.1 1-8.21 (t, NH), 6.97-7.89 (m, 13 H), 5.18-5.24 (m, 2 H), 
4.83-5.00 (m. 2 H), 4.37^.58 (m, 2 H). 3.50-4.1 1 (m, 2 H), 2.39-2.71 (m 2 H), 2.27-2.38 
25 (m, 3 H). 

(Ui) Phr3-Mg)-(R,S)CHfQHVCfOVAK'Pab x HQAc 

A mixture of Ph(3-Me)-(R,S)CH(OH)-C(0)-A2e-Pab(Z) (0.105 g; 0.20 mmol; from step 
(ii) above), acetic acid (0.012 g, 020 mmol) and Pd/C (5%, 0.14 g) in ethanol (12 ml) was 
30 hydrogenated at atmospheric pressure for 6 h. The reaction mixture was filtrated and the 
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filtrate was evaporated. The crude product (97 mg) was dissolved in H2O and fieeze-dried 
resulting in a sticky product The product was dissolved in HOAc and was freeze-dried 
again without any improvement The product was dissolved in H20» filtered through a 
HPLC-filter and was freeze-dried. The yield was 67 mg (76%) of the title compound. 

s 

LC-MSm/z381(M+ir 

*H NMR (400 MHz; DjO): 5 6.89-7.72 (m, 8 H), 4.79-5.23 (m, 2 H), 3.76-4.51 (m, 4 H), 
2.38-2.82 (m, 2 H), 2.15-2.27 (m, 3 H) 

^^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotameis) amidine and 
10 carbonyl carbons: 5 181.21, 175.43, 174.38, 173.94, 173.23, 173.06. 172.16, 167.00 

Example 16 

Ph(3-QEtV(R.SlCHfQHVCfQ>Azc-Pab x HQAc 

IS (i) (R,SV3-EthoxvmandeHc acid 

(R,S>3-hydroxymandeIic acid (0.712 g; 4.236 mmol) was dissolved in acetonitrile (15 ml). 
K2CO3 (2.34 g, 16.94 mmol) was added and ethyl iodide (1.03 ml, 12.71 mmol) was added 
dropwise. The reaction mixture was refluxed for 2 h and was subsequently evaporated. 
The residue was dissolved in H2O (25 ml) and acetone (6 ml) and the mixture was stined at 

20 room temperature for 3 h. The reaction mixture was evaporated and the resulting H2O 
layer was extracted with ethyl acetate. The pH of the H2O layer was adjusted to 2 with 
aqueous KHSO4 and more H2O was added to dissolve formed salts. The H20-solution was 
extracted with ethyl acetate (3 times). The combined organic layer was washed with H2O, 
dried (Na2S04) and evaporated. The residue was subjected to preparative RPLC (25% 

25 acetonitrile:75% 0.1 M HOAc) and the firactions containing product was evaporated The 
resulting H2O layer was extracted with ethyl acetate (3 times) and the combined organic 
layer was washed with H2O, dried (Na2S04) and evaporated Tht yield was 1 82 mg (22%) 
of the sub-title compound 



30 LC-MS M/Z 195 (M - 1)\ 391 (2M - 1)", 587 (3M • 1)" 



# 
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'H NMR (400 MHz; CD3OD): 6 6.80-7.27 (m, 4 H), 5.08 (s. 1 H). 3.99A13 (m, 2 H) 1.34- 
1.40(1,3 H). 

(ii) Phf3.0Ert^S^CHrQHVrrnVArii.P>.hf7^ 

The sub-title compound was ptepaied according to the method described in Example 30i) 
from (R,S)-3-ethoxymandelic acid (0.178 g; 0.907 mmol; from step (i) above) yielding 2S9 
mg(52%). 

LC-MSm/z545(M+l)* 

'H NMR (400 MHz; CDCI3): 5 6.77-7.77 (m, 13 H), 5.16-5.21 (d, 2 H), 4.78-4.99 (m, 2 
H), 4.27-4.51 (m. 2 H), 3.53-4.07 (m, 4 H), 2.21-2.60 (m, 2 H), 1.29-1.41 (m, 3 H). 

(iii) Phr3-OEtVrR.S^CHrOm.CfOV A7£.Pah x HOAr. 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3-0EtHR,S)CH(0H)-C(0)-Aze-Pab(Z) (0.182 g; 0.33 mmol; from step (ii) 
above) yielding 1 57 mg ( 1 00%). 

LC-MSm/z411 (M+1)* 

'H NMR (400 MHz; CD3OD): 5 7.71-7.79 (m, 2 H), 7.49-7.60 (m, 2 H), 7.19-7 JO (m, 1 
H), 6.94-7.02 (m, 2 H), 6.81-6.90 (m, 1 H), 5.09-5.18 (m, 1 H), 4.74-4.81 (m, IH), 4.39- 
4.62 (m, 2 H). 3.93-4.35 (m, 4 H), 2.10-2.61 (m, 2 H), 1.32-1.40 (m. 3 H). 
" C NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) ami^fjFi'' and 
carbonyl carbons: 6 180.68, 174.30, 173.50, 173.07, 172.44, 172.26. 

Example 17 

Phf3.oPrf /i^WR.s^rom-rrnvAzi..Pah x hoac 



CO rR-SV3.Allyloxymandelic acid 

(R,S)-3-HydioxyiiiandeIic acid (0.504 g; 3.0 mmol) was dissolved m diy acetone (25 ml) 
in nitrogen atmosphere. Allyl bromide (0.907 g; IS mmol) and dry KjCOa (1.037 g; 7.5 



m 
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mmol) was added and the reaction mixture was stined in nitrogen atmospher for 16 h. The 
reaction mixture was subsequently evaporated. The residue was dissolved in HjO (25 ml) 
and acetone (6 ml) and the mixture was stirred for 2 h (the reaction was followed by 



The pH of the water layer was adjusted to 2 with aqueous KHSO4 and extracted with ethyl 
acetate (3 times). The combined organic layer was washed with H2O, dried (Na2S04) and 
evaporated to give the sub-title product in a yield of O.I 75 g (28%). 

'H NMR (500 MHz; CDCI3): 8 6.87-7.30 (m, 4 H), 5.97-6. 10 (m. 1 H), 5.26-5.44 (m, 2 H), 
5.20 (s, 1 H), 4.51-4.55 (d, 2 H). 

(ii) Ph(3-QCH2CH=CH2HR.S)CH(QHVC(0)-A7g-PaK?;) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-allyloxymandelic acid (0.167 g; 0.8 mmol; from step (i) above) yielding 260 
mg(58%). 

'H NMR (500 MHz; CDCI3): 5 8.09-8.17 (t, NH). 6.79-7.87 (m, 13 H), 5.94-6.09 (m, 1 H), 
5.20-5.44 (m, 4 H), 4.86-5.02 (m, 2 H), 4.32-4.62 (m, 4 H), 3.54-4.15 (m, 2 H), 2.30-2.74 
(m.2H). 

(ni\ Phn.OPrfn^WR.S^CHrQHVC(OVA7£.Pah y HOAc 

The title compound was prepared according to the method described in Example IS(iii) 
from Ph(3-OCH2CH=<:H2XR,S)CH(OH)-C(0)-A2e-Pab(Z) (0.06 g; 0.1 mmol; from step 
(ii) above) yielding 47mg (97%). 



HPLC). The mixture was evaporated and the water layer was extracted with ethyl acetate. 



LC-MS m/z 425 (M +1)', 423 (M - 1)" 

'H NMR (500 MHz; DjO): 5 6.70-7.71 (m, 8 H), 4.70-5.25 (m, 2 H), 3.78-4.53 (m. 6 H), 
2.05-2.80 (m. 2 H), 1.56-1.75 (m. 2 H). 0.82-0.95 (m. 3 H). 
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Example 18 

Phn■nPrf^M^WR■S^^HrOHVCfO^.A7i>.Pah X HQAc 

(i) rR SV^.isQpropoxvmandelic add 

The sub-title compound was prepared according to tiie method described in Example 16(i) 
above fix>m (R,S)-3-hydrpxymandeHc acid (0.70 g; 4.16 minol), CS2CO3 (S.87 g; 16.65 
mmol) and isopropyl iodide (1.2S ml; 12.49 mmol) yielding 62 mg (7%). 

LC-MSm/z209(M-l)' 

'H NMR (400 MHz; CD3OD): 6 6.81-7.25 (m, 4 H), 5.08 (s, 1 H), 4.53-4.64 (m, 1 H), 
1.28-1.32 (d, 6 H). 

(ii) Phf3.0Prf«o^vrR.S^CHfQHVCfOVAze.Pabfa 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-isopropoxymandelic acid (0.063 g; 0.3 mmol; fiom step (i) above) 
yielding 60 mg (34%). 

LC-MSm/z559(M+l)* 

'H NMR (400 MHz; CDCI3): 6 6.75-7.79 (m, 13 H), 5.18-5.24 (m. 2 H), 4.81-4.99 (m, 2 
H), 4.31-4.58 (m, 3 H), 3.97-4.15 (m, 1 H), 3.55-3.77 (m, 1 H), 2.24-2.64 (m, 2 H), 1.23- 
1.33 (m, 6 H). 

(iii) Phr3.0PrfiJO^WR,S^HfOHVC rOVA7^-Pah x HQAc 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from Ph(3-0Pr(wo))-(R,S)CH(0H)-C(O)-A2e-Pab(Z) (0.05 g; 0.090 mmol; fiom 
step (ii) above) yielding 41 mg (94%). 



LC-MSm/z425(M + l)* 
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'H NMR (400 MHz; CD3OD): 5 6.81-7.80 (m, 8 H), 5.08-5.18 (m, 1 H), 4.74-4.80 (m, 1 
H). 4.53-4.64 (m. 2 H), 4.41-4.51 (m. 1 H). 3.93-4.35 (m. 2 H), 2.23-2.60 (m, 2 H). 1.25- 
1.32 (m, 6 H). 

"C NMR (100.6 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
carbonylcaibons: 5 181.10, 173.60. 173.15, 172.48, 166.39. 

Ryaitiple 19 

Phn-nMe^-mS ^rHrOHVaOVAze-Pab X HQAc 
(i) Phf?.nMeWR.S ^rHfOHVCfOVA7e-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above firom (R,S)-2-metho]grmandelic acid (0.18 g; 1.0 mmol) yielding 80 mg (17%). 

'H NMR (500 MHz; CDCI3): 6 8.16-8.22, (t, NH), 6.81-7.85 (m, 13 H), 5.16-5.20 (m, 2 
H), 4.79-4.91 (m, 1 H). 4.35-4.49 (m,2 H), 3.84-4.02 (m, 2 H), 3.63-3.80 (m, 3 H), 3.32- 
3.56 (m, 1 H), 2.21-2.57 (m. 2 H). 

(u) p^lr?.OMeVfR, s^rHroHVc:fOVA»>.Pah x hoac 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(2-0Mc)-(R,S)CH(0H>-C(0)-Aze-Pab(Z) (0.08 g; 0.15 mmol; fiom step 0) 
above) yielding 45 mg (71%). 

FAB-MS m/z 397 (M+1)* 

'H NMR (500 MHz; DjO): 5 6.83-7.70 (m, 8 H), 4.71-4.97 (m, 1 H), 4.34-4.51 (m, 2 H). 

3.87-4.22 (m, 3 H), 3.67-3.75 (m. 3 H). 2.00-2.74 (m, 2 H). 

"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 

carbonyl carbons: 8 179.96. 176.28, 174.97, 174.50, 173.44, 173.39, 173.29, 173.10, 

167.12. 



• 
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F.«ampl«>20 

Phf rS^iOMeVfRS^HfOHVCfflVATe-Pab x HOAc 

(i) Phn.S^iOMeVm.Sy!HfOHV-aOVAze-Pabfa 

s The sub-title compound was prepared according to the method described in Example 3(ii) 
above fiom (R,S)-3,S-dimethoxymandelic add (0.21 g; 1.0 mmol; prepared according to 
the method described in Synthesis (1974) 724) yielding 0.3 1 g (62%). 

'H NMR (500 MHz; CDCI3): 8 8.1 1-8.16 (t NH). 7.17-7.86 (m, 9 H), 6.41-6.49 (m, 3 H), 
10 5.21-5.24 (d, 2 H). 4.84-5.03 (m, 2 H), 4.29-4.66 (m. 2 H), 3.67-4.17 (m. 8 H), 2.32-2.72 
(m,2H). 

(ii) Ph(3.5-diQMgHR.S)CH (Q H>C(Q)-Az6-Pab x HQAc 

The title compound was prepared according to the method described in Example IS(iii) 
15 above from Ph(3,5-diOMe)-(R,S)CH(OH)-C(0)-Aze-Pab(Z) (0.15 g; 027 mmol; from step 
(i) above) yielding 120 mg (100%). 

'H NMR (500 MHz; DjO): 6 7.34-7.75 (m, 4 H), 6.44-6.66 (m. 3 H), 4.67-5.12 (m, 1 H), 
3.97-4.55 (m, 5 H), 3.79 (s, 3 H), 3.71-3.74 (m, 3 H), 2.14-2.85 (m. 2 H). 
20 '^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 181.17, 174.85, 173.92, 173.53, 173.09, 172.98, 182.90, 166.77. 

Example 21 

Phf 3.0Me.4.0HWR-S^CH rOHVCrOVAze.Pab x HOAc 



(i\ Phn^Me.4.0HVmS^rWOHVrfflVA2e.PabrZ^ 

The sub-tide compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-4-hydroxy-3-methoxymandelic acid (020 g; 1.0) yielding 89 mg (16%). 



2S 



» LC-MS m/z 547(M + 1)*, 545 (M • 1)' 
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'H NMR (400 MHz; CDClj): 8 8.07-8.15 (m, NH), 6.64-7.86 (m, 12 H), 5.20-5.27 (m, 2 
H). 3.57-5.00 (m, 9 H), 2.31-2.74 (m. 2 H). 

(u) Phn-OMe.4-OHWR.Sy!Hrnm.r/OVAa..l>ab X HOAc 
5 The title compound was prepared according to the mediod described in Example 1 5(iii) 
above fiom Ph(3-OMe.4-OH)-(R^)CH(OH)-C(0>Aze-Pab(Z) (0.085 g; 0.16 mmol; from 
step (i) above yielding 57 mg (78%). 

FAB-MS m/z 413 (M+1)^ 
10 'H NMR (500 MHz; DjO; complicated due to diasteremoers/rotamers): 8 6.66-7.83 (m, 8 
H), 4.80-5.25 (m. 2 H), 3.88-4.59 (m, 4 H), 3.68-3.88 (m, 3 H). 2.10-2.8S (m, 2 H). 

NMR (75.5 MHz; DjO; complicated due to diastereomers/iotamers) amidine and 
carbonyl carbons: 8 182.01, 175.56, 174.43, 174.04, 173.20, 173.05, 166.90, 166.85. 

15 Example 22 

Phf2.F.S.CFjVfR.S-tCHrOm-CfOVA7i;-Pah y HOAc 

(i) Phf2.F.S-CF.tWR-S^CHrom-rf OVA2e-Pabf7.^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
20 above from (R,S>2-fluoro-5-trifluoromethyhnandeIic acid (0.3 g; 1 2. mmol; prepared 
according to the method described in Org. Synth. Coll. 1, 336) yielding 0.32 g (51%). 

FAB-MS m/z 587 (M+1)* 

'H NMR (400 MHz; CDClj): 5 7.15-7.87 (m, 12 H), 5.19-5.30- (m, 2 H), 4.87-5.00 (m, 1 
M H), 4.36-4.60 (m. 3 H), 4.05-4.20 (m, 1 H), 3.60-3.73 (m, 1 H), 2.32-2.72 (m, 2 H). 

(ii) Phf2.F.5-CFjWR.S^HrQHVCfOVA7B-Pah x HOAc 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from Ph(2-F^-CF3)-(R,S)CH(OH)-C(0)-A2e-Pab(Z) (0.15 g; 0.26 mmol; from step 
30 (1) above yielding 110 mg (90%). 
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'H NMR (500 MHz, DjO): 8 7.28-7.83 (m, 7 H), 5.43-5.65 (m. 1 H), 4.82-5.18 (m, 1 H). 
3.97-4.56 (m, 4 H), 2.14-2.85 (m, 2 H). 

NMR (75.5 MHz; DjO; complicated due to diastereomeis/iotamers) amidine and 
5 carbonyl carbons: 5 173.61, 173.33. 173.06. 172.83, 172.68, 172.62. 166.86. 164.27, 
161.15, 160.92. 

Example 23 

Ph-n? 5;^rrF.tVOHVCfflVA7.e-Pabx HQAc 

10 

(i) Ph-TR ■S^CrKtVOHVCfOVA7£-PabrZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-2-bydroxy-2-phenyl butanoic acid (0.18 g; 1.0 mmol), yielding 79 mg 
(15%). 

IS 

LC-MS m/z 529 (M + 1)*, 527 (M - 1)" 

'H NMR (400 MHz, CDCI3): S 7.27-7.86 (m. 14 H), 5.22 (s, 2 H), 4.82-4.93 (m, 1 H), 

4.39- 4.57 (m, 2 H), 3.84-3.98 (m, 2 H), 2.02-2.64 (m, 4 H). 0.86-0.93 (m, 3 H). 

20 (ii) Ph-nt S^Cn-tVOm-CrOVAze-Pah X HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph-(R,S)C(Et)(OH)-C(0)-Aze-Pab(Z) (0.08 g; 01.5 mmol; from step (i) above 
yielding 62 mg (90%) of the title compound. 

M FAB-MS m/z 395 (M + I)* 

'H NMR (400 MHz; DjO): 5 7.27-7.84 (m, 9 H), 4.83-5.35 (m, 1 H), 3.89-4.60 (m. 4 H), 

2.40- 2.61 (m, 1 H), 1.95-2J0 (m. 3 H). 0.78-0.95 (m, 3 H). 

"C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: fi 182.09. 175.79. 175.48. 173.53. 173.23, 167.05. 



• 
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Example 24 

Ph^,S^CfMeVO HVrYnVAyi^>Pah x HQAc 
(i) Ph^ S^r/MeVOHVCrOVAze^PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (SH+>2-hydroxy-2-phenyl propionic acid (0.20 g; 1.2 mmol) yieldmg 0.17 g 



'H NMR (500 MHz; CDCI3): 5 8.04-8.14 (t. NH), 7.17-7.80 (m, 14 H). 520 (s, 2 H), 4.76- 
4.86 (m, 1 H). 4.31-4.50 (m, 2 H). 3.76-3.94 (m, 2 H), 2.19-2.44 (m. 2 H), 1.70 (s, 3 H). 

(u) Ph-rR.S^CrMeV Om-CmVAze-Pab x HQAc 

The title compound was prepared according to the method described in Example 1 S(iii) 
above from Ph-(R,S)C(Me)(OH)-C(0)-Aze-Pab(Z) (0.08 g; 0.16 mmol; from step (i) 
above) yielding 48 mg (78%), diasteromeric ratio: 85:15. 

'H NMR (500 MHz; DjO): 5 7.30-7.79 (m, 9 H), 3.99-4.82 (m, 5 H), 2.09-2.74 (m, 2 H). 
1.70-1.77 (m. 3 H). 

'^C NMR (75.5 MHz; DjO; complicated due to rotamers) amidine and carbonyl carbons: 5 
176.90, 176.34, 173.89. 173.48, 167.00. 

Example 25 

Ph-(R)CH(QH)-C(0)'Ayx?-Pac x HQAc 



A mixture of Boc-Aze-OH (5 g, 25 mmol) and HOSu (2.88 g, 25 mmol) in 25 ml of THF 
was cooled on an ice bath. EDC (4.3 ml, 25 nunol) was added and the solution was stirred 
overnight It was evirated, dissolved in ethyl acetate, washed with KHSO4 (aq, 0.3 M), 
Na2C03 (aq, 10%), dried (MgS04) and evaporated. Crystallization from ethyl 
acetate:petioleum ether afforded 3.78 g (51%) of sub-title compound. 



(31%). 
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'H NMR (300 MHz; CDClj) 8 4.89 (m, IH), 4.07 (m. IH), 3.95 (m. IH). 2.85 (s, 4H), 2.67 
(m, IH), 2.45 (m. IH), 1.42 (s, 9H) 

(u)BQfi:Az&£afi£Z) 

A mixture of H-Pac(Z) x 2 HCI (0.227 g, 0.63 minol), Boc-Aze-OSu (0.194 g, 0.65 mmol) 
and triethylamine (02 ml, 1.4 mmol) in 10 ml of THE was stined at room temperature for 
18 L After eviration the residue was dissolved in ethyl acetate, filtered through a plug 
of Celite and chromatographed on a silica gel column with ethyl ac^te:THF (2:1). The 
eluent was evaporated, dissolved in ethyl acetate, washed with water, dried (MgS04) and 
evaporated to give 0.250 g (81%) of sub-title compound. 

'H NMR (300 MHz; CDClj) 5 7.4-7.2 (m. 5H), 5.05 (s, 2H), 4.55 (bt, IH), 3.85 (bq, IH), 
3.72 (bq, IH). 3.2-3.0 (m. 2H). 2.4-2.2 (m, 2H), 2.10 (m, IH). 1.9-1.7 (m, 4H). 1.5-1.3 (m, 
1 IH, thereof s at 1.37, 9H) 1.0-0.8 (m, 2H) 

fiii;> H-Aze-PacfZ^ 

The subtitle compound was prepared according to the method described in Example 3(i) 
fiom Boc-Aze-Pac(Z) (from step (ii) above) followed by an alkaline extractive work up. 

riv^ Ph-m^rH^OTRDMSVCrOVAze-PacrZ^ 

The sub-title compotmd was prepared analogously to the method described in Example 
l(ii) above fiom Ph-(R)CH(OTBDMS)-C(0)OH (0.236 g, 0.89 mmol, prepared according 
to Hamada et al. JAm. Chem. Soc., (1989) 111. 669) and H-A2e-Pac(Z) (0.25 g; 0.53 
mmol; fiom step (iii) above; previously activated by stining in CH2Cl2:trifluoroacetic acid 
(1 :1; 10 ml) for 30 minutes) yielding 160 mg (48%). 



'H NMR (500 MHz; CDClj): 5 7.20-7.44 (m, 10 H), 5.22 (s, 1 H). 5.06-5.16 (m, 2 H), 
4.80-4.90 (m, 1 H), 3.92^.43 (m, 2 H), 2.88-3.12 (m, 2 H), 2 J5-2.60 (m, 2 H), 125-2.10 
(m. 10 H), 0.84-0.94 (m, 9 H), 0.00-O.lS (m, 6 H) 



wo 97/02284 



50 



PCT/SE96/00878 



(V) Pti.ntArHfnHv rfnvA7P.Pac x hoac 

The title compound was prepared according to the method described in Example 15(ili) 
above fiom Ph-(R)CH(OTBDMS).C(0)-Aze-Pac(Z) (0.16 g; 0.25 mmol; fiom step (iv) 
above), with purification by RPLC yielding 15 mg (14%). 

FAB-MS m/z 373 (M+1)* 

Pxample 26 

Pli.fRy!HfnHV rfnVAri>.PiP x HOAc 
fi>Bnr.A«.Pigf7:^ 

Hie subtitle compound was prepared analogously to the method described in Example l(ii) 
fiom Boc-Aze-OH (1.03 g; 5.12 mmol; see Example l(i) above) and H-Pig(Z) x 2 HQ (1.86 
g, 5.12 mmol; prquied according to the method described in International Patent ^Ucation 
WO 94/29336) yielding 1 .24 g (51%). 

'H NMR (400MHz; CDCI3): 5 7.27-7.43 (m, 5 H), 5.12 (s,2 H), 4.604.67 (t, 1 H), 4.16-426 
(d, 2 H). 3.86-3.95 (m, 1 H), 3.74-3.82 (m. 1 H). 3.1 1-330 (m, 2 H). 2.78-2.89 (m. 2 H), 
2.33-2.52 (bs. 2 H). 1.71-1.83 (m, 3 H). 1.44 (s. 9 H), 1.15-1.29 (m. 2 H). 

(;nH.A7P.pief7:>x2HCi 

Boc.Aze-Pig(Z) (1.2 g; 2.53 mmol; fiom step (i) above) in ethyl acetate saturated with HQ 
(75 ml) was stirred at room temperature for IL TTic reaction mixture was evirated, 
diluted with water and extracted with toluene. The water layer was fieeze-dried to give 
1 .085 g (96%) of the title compound. 

'H NMR (500 MHz; CDjOD): 6 7 J2-7.46 (m, 5 H), 528 (s, 2 H), 4.99-5.05 (t, 1 H). 4.08- 
4.16 (m. 1 H), 3.91-3.99 (m, 3 H), 3.13-325 (m, 4 H), 2.79-2.88 (m. 1 H), 2.47-2.57 (m, 1 
H). 1.82-1.96 (m. 3 H), 126-1.40 (m, 2 H). 
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(in) Ph-mCHfOTBnMSU:fflVA7i>.Piym 

The sub>title compound was prq)ared analogously to the method described in Example 
25(iv) above from Ph-(R)CH(OTBDMS)-C(OPH (0.401 g; 1.5 mmol) and H-Aze-Pig(Z) 
X 2 HCl (0.672 g; 1 .5 mmol; from step (iii) above) yielding 350 mg (46%). 

LC-MS m/z 508 (M + 1)*, 530 (M + Na)* 

Ph^^rwnffl.^fo^.A7i..Piy x hoac 
The title compound was prepared according to the method described in Example 15(iii) 
above from Ph-(R)CH(OH)-C(0)-Aze-Pig(Z) (0.1 g; 0.197mmol; from step (iv) above) 
yielding 81 mg (95%) of the title compound. 

LC-MS m/z 374 (M + 1)* 

'H NMR (400 MHz; CDjOD): 5 7.25-7.50 (m, 5 H), 5. 15 (s, 1 H), 4.65-4.75 (m, 1 H), 
4.25-4.35 (m, 1 H), 3.80-4.00 (m, 3 H), 2.95-3.50 (m, 4 H), 2.05-2.50 (m. 2 H), 1.75-1.90 
(m, 3 H), 1.15-1.30 (m, 2 H). 

Example 27 

Ph-rR^rHfOm-rrOVPro-fR S^Hig x HOAc 

(i)H-(R.S)Hig(Z)x2HCl 

The subtitle compoimd was prepared according to the method described in Example 3(i) 
from Boc-(R,S)Hig(Z) (prepared according to the method described in International Patem 
Application WO 94/29336) 



(u) Ph-rR^CWOTBDMSVCfOVPro-QBn 

The sub-tide compound was prepared according to the method described in Example 1 (ii) 
from L-proiine benzylester x HCl (2.0 g, 8.26 mmol) and Ph-(R)CH(OTBDMS)-C(0)OH 
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(2.0 g, 7.5 1 mmol, prepared according to the method described by Hamada et al in J. Am. 
Chem. Sec. (1989) 111, 669) yielding 2.0 g (S9%). 

'H NMR (500 MHz; CDClj): 5 7.22-7.55 (m, 10 H). 5.45 (s, 1 H). 5.15 (s. 2 H). 4.45-4.55 
(m, 1 H), 3.70-3.82 (m, 1 H), 3.05-3.15 (m, 1 H), 1.65-2.15 (m, 4 H), 0.85-1.05 (m, 9 H), 
0.00-0.22 (m, 6 H). 

fiii^ Ph-m^rHfOTBnMsvrfovPm-oH 

A mixture of Ph-(R)CH(OTBDMS)-C(0)-Pio-OBn (1.9 g, 4.19 mmol, fiora stq) (ii) 
above) and Pd/C (10%, 0.21 g) in ethanol (80 ml) was bydrogenated at atmospheric 
pressure for 3 h. The reaction mixture was filtered through celite and the filtrate was 
evaporated. The yield was 1 .36 g (91%) of the title compound. 

LC-MSm/z362(M-l)' 

•h NMR (500 MHz; CD3OD): 5 7.20-7.50 (m, 5 H). 5.45 (s. 1 H), 4.30-4.40 (m, 1 H), 
3.30-3.70 (m, 2 H), 1.75-2.30 (m, 4 H), 0.85-1.00 (m, 9 H), 0.00-0.20 (m, 6 H). 

fiv) Ph-fR^CHfOTBDMSVCrOVP^o-flt■SVHigf7^ 

The sub-title compound was prepared analogously to the method described in Example 
25(iv) above from Ph-(R)CH(OTBDMS)-C(0)-Pro-OH (0.36 g; 1 mmol; from step (iii) 
above) and H-(R,S)Hig(Z) x 2 HCI (0.36 g; 1 mmol; from step (i) above yielding 0.63 g of 
crude product v^ch was used without furthCT purification in the proceeding step. 

LC-MSm/z636(M+l)* 

"C NMR (100.5 MHz; CDCI3) amidine and carbonyl carbons: 5 171.57, 171.20, 163.79, 
15922. 



(V) Ph-rR^CHfOHVCrOVPrr>-rR,S^Higm 

A mixture of Ph-(R)CH(OTBDMS)-C(0)-Pn>-(R,S)Hig(Z) (0.63 g; 1 mmol; from step (iv) 
above) and TFA (10 ml, 20% in CH2CI2) was stirred at room temperature for 3h. The pH of 
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the reaction mixture was adjusted to 9 with aqueous K2CO3 and the reaction mixture was 
subsequently extracted with CHjClj. The combined organic layer was dried (Na2S04) and 
evaporated. The crude product was purified by flash chromatography on a silica gel 
column (40 g) duted with CHjClj (100 ml). CHjCliftOH 95:5 (100 ml) and 
CHjCljtEtOH (9:1; 300 ml). The yield was 138 mg (26%) of the sub-title compound. 

LC-MSm/2 522(M+l)* 

"C NMR (100.5 MHz; CDCI3) amidine and carbonyl carbons: 5 172.21, 171.20, 163.64. 
159.11. 

(y>i\ Ph-m^CHrom-CrOVPro-nt Sfflig X HQAc 

The title compound was prepared according to the method described in Example 1 S(iii) 
above from Ph-(R)CH(OH)-C(0)-Pro-(R,S)Hig(Z) (0.071 g; 0.14 mmol; from step (v) 
above yielding 49 mg (80%). 

LC-MSm/z388(M+l)* 

'H NMR (400 MHz; D2O; complicated due to diastereomers/rotamers): 5 7.32-7.56 (m, 5 
H), 5.37-5.52 (m, 1 H), 4.32-4.64 (m, 1 H), 3.57-3.75 (m, 2 H), 3.24-3.56 {m, 4 H), 2.89- 
3.15 (m, 2 H), 1.25-2.80 (m. 9 H). 

NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 181.92, 174.92, 173,69. 173.03. 

Example 28 

Ph-rR^HfOHVrfnVPrf>.r>iy x HQAc 

(i) Ph.fR'trHrnTBnMSVrfflVPm-DigfZ^ 

The sub-title compound was prepared analogously to the method described in Example 
25Civ) above finrn H-Dig(Z) (0.14 g; 0.507 mmol; see International Patent Application 
WO 94/29336) and Ph-(R)CH(OTBDMS)-C(0)-PiD-OH (0.23 g; 0.608 mmol; see 
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Example 27(iii) above) yielding 3 16 mg of cnide product which was used in the 
proceeding stq> without further purification. 

LC-MSm/z622(M + l)* 

(u) Ph.rp^rwom.CfOVPro-DigfZ^ 

Trifluoroacetic add (6 ml; 20% in CHjCy was added to Ph^)CH(OTBDMSK(0)-Pio- 
Dig(Z) (0.3 1 5 g; 0.506 mmol; fiom step (i) above) at 0"C and the mixture was stirred at 
room temperature for 2 h. The pH of the reaction mucture was adjusted to 8 with aqueous 
K2CO3 and was extracted with CHjCli- The organic layer was washed with aqueous NaCl, 
dried (Na2S04) and evaporated. The crude product (250 mg) was flash chromatogr^hed 
on a silica gel column using CHzClj.MeOH (9:1) as eluent yielding 180 mg (70%) of the 
title compound. 

'H NMR (400 MHz; CDCI3): 6 7.25-7.39 (m, 10 H), 5.32-5.37 (bs, 1 H), 5.08-5.19 (m, 2 
H), 4.40-4.49 (m, 1 H). 4.21-4.35 (m, 2 H), 3.87-4.03 (m, 2 H), 3.71-3.79 (m, 2 H), 3.18- 
3.32 (m, 2 H), 3.00-3.10 (m, 1 H), 2.61-2.73 (m, 1 H). 2.14-2.24 (m, 1 H). 1.62-2.07 (m, 8 
H). 

(iii) Ph-fR'tCHfOHV CfOVPro-Dig x HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph-(R)CH(OH)-C(0)-Pro-Dig(Z) (0.14 g; 0.276 mmol; from step (iii) above 
yielding! 12 mg (94%). 

'H NMR (400 MHz; CD3OD): 6 7.27-7.44 (m, 5 H), 5.34 (s, 1 H), 4.29-4.35 (m. 1 H), 
4.17-4.25 (m, 2 H), 3.75-3.83 (m, 2 H). 3.63-3.73 (m, 1 H), 3.25-3.34 (m, 1 H), 3.08-3.23 
(m, 2 H), 2.79-2.90 (m, 1 H), 1.71-2.10 (m, 6 H). 

"C NMR (100.6 MHz; CD3OD) amidine and carbonyl signals: 6 174.79, 173.26. 158.16. 
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Ph-TR^HrOHV^yOWR nr SIPic^gfe^MeVPah x HOAe and 

Ph-(R)CHfQH)-C(QHS or R)Pic(cM-4-Mc)-Pab x HQAc 

5 (i) (R.SVN-Bpc-Pic(c&-4-MeVPab(a 

The sub-title compound was prepared analogously to die method described in Example 
10i) from (R,S)-N-Boc-Pic(cu-4-Me)-OH (0.88 g; 4.1 mmol; prepared according to the 
method described in Shuman et al J. Org. Chem. (1990). 55, 738) yielding 405 mg (19%). 

10 FAB-MS m/z 509 (M+l)* 

'H NMR (400 MHz; CDCI3): 5 7.25-7.90 (m, 9 H), 5.20 (s, 2 H), 4.45-4.50 (m, 2 H), 4.30- 
4.40(m, IH). 3.15-3.70 (m, 2 H). 1 70-2.00 (m, 4 H). 1.45 (s,9H). 1.15-1.30 (m, 1 H), 
0.90-1.05 (m, 3 H). 

IS (ii) H-fR.Sfficfctf-4-M6>-Pab(Z) 

(R,S)-N-Boc-Pic(c/j-4-Me)-Pab(Z) (0.40 g; 0.79 mmol; from step (i) above) was dissolved 
in CH2CI2 (5 ml). Trifluoroacetic acid (5 ml) was added and the mixture was stirred for 0.5 
h. The reaction mixture was evaporated and the residue was dissolved in CH2CI2, washed 
with aqueous Na2C03, dried (MgS04) and evirated. The crude product was purified by 

20 flash chromatography on a silica gel column eluted with CH2Cl2:MeOH 95:5 and 
CH2Cl2:MeOH 9:1. The yield was 300 mg (94%) of the sub-title compound. 

FAB-MS m/z 409 (M+1)* 

•h NMR (500 MHz; CD3OD): 8 7.25-7.85 (m, 9 H), 5.15 (s, 2 H), 4.35-4.45 (m, 2 H). 
2S 2.55-3.60 (m. 3 H), 1.85-2.05 (m, 1 H), 1.35-1.65 (m, 2 H), 0.90-1.20 (m, 5 H). 

fiii^Ph.nt^HfQTBr)MSVrrOVm.S>P.crg/c.4-MeVPahm 
The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from H-(R.S)Pic(c»-4-Me)-Pab(Z) (0.290 1 0.71 mmol; from step (ii) above) 
JO and Ph-(R)CH(OTBDMS><XO)-OH (0.1 89 g; 0.71 mmol; prqMoed according to the 
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method described in Hamada et al J. Am. Chem. Soc. (1989) 111, 669) yielding 0.40 g of 
cnide product which was used in the proceeding step without purification. 

c 

fiv^Ph>m^CHrOffl>aOVfR.S^PicfgiT-4>MeVPahr7^ 
5 Ph-(R)CH(0TBDMS)-C(0)-(R,S)Pic(cw-4-Mc)-Pab(Z) (0.40 g; crude from step (iii) 
above) was treated with trifluoroacetic acid (20% in CH2CI2) for 3 h. The reaction mixture 
was ev2|)orated and the residue was purified by flash chromatography on a silica gel 
column eluted with CHjCljiMeOH (98:2, 95:5 and 9:1). The yield was 45 mg (11%) of 
the sub-title compound. 



(V) Ph-fR^CHfOm-CfOVrR or S^ Pic(gK-4.MeVPah y HOAr anH 

PhfRlCHfOHl-CfOWS or R^Picrc/.y-4-MeVPah x HOAc 
A mixture of Ph-(R)CH(OH)-C(0)-(R,S)Pic(d5-4-Me)-Pab(Z) (0.045 g; 0.083 mmol; from 
step (iv) above) and Pd/C (5%; 0.06 g) in ethanol (8 mL) was hydrogenated at atmospheric 
15 pressure for 2.5 h. The reaction mixture was filtered and the filtrate was evaporated. The 
crude product was subjected to preparative RPLC (O.IM NH4OAC; 30% acetonitriie) where 
the diastereomers were separated. The yield was 7 mg of compound 29A with a 
diastereomeric ratio >99:1 and 1 1 mg of compound 29B with a diastereomeric ratio 98:2. 

20 Compoimd 29A: 

LC-MS m/z 409 (M + \)\ 407 (M - 1)' 

*H NMR (500 MHz; DjO): 5 7.20-7.80 (m, 9 H), 5.65 (s, I H), 4.65-5.35 (m, 1 H), 4.40- 
4.55 (m, 2 H), 3.85-4.00 (m, 1 H), 3.65-3.75 (m, 1 H), 2.65-3.15 (m, 2 H), 2.05-2.20 (m, 1 
H), 1.05-1.75 (m, 2 H), 0.70-0.90 (m, 3 H). 
23 Compound 29B: 

LC-MS m/z 409 (M + 1 )\ 407 (M - 1 )' 

NMR (500 MHz; DjO): 5 7.25-7.80 (m, 9 H), 4.55-5.75 (m, 2 H), 4.35-4.50 (ra, 3 H), 
3.75-3.85 (m, 1 H). 2.70-2.80 (m, 1 H), 1.80-2.20 (m, 1 H), 0.70-1.70 (m, 6 H). 



10 



30 
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Example 30 

Ph-^CHj VfR^rHrom-CfflVAy/i.Pah X HCI 

s The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from H-Aze-Pab(Z) x 2 HCl (0.434 g, 0.988 mmol) and (RH-)-2-hydioxy-4- 
pbenylbuturic acid (0.162 g; 0.898 mmol). TBTU (0.433 g, 1.348 mmol) and N- 
methybnorpholine (0.363 g; 3.59 mmol) in DMF (15 ml) yielding 105 mg (22%). 

10 LC-MS m/z 529 (M + 1)*. 527 (M - 1)' 

'H NMR (500 MHz; CDCIj): 5 8.17-8.25 (m. NH), 7.05-7.72 (m, 14 H). 5.16-5.22 (m, 2 
H), 4.71-4.88 (m, 1 H), 4.32-4.41 (m, 2 H), 3.92-4.04 (m, 2 H). 3.79-3.88 (m, 1 H), 2.62- 
2.86 (m, 2 H). 2.29-2.57 (m, 2 H). 1.80-1.98 (m. 2 H). 

15 (ii) Ph-rcH^^^j-fR^rH^om-rrovAM-Pah x Hn 

The title compound was prepared according to the method described in Example l(v) 
above from Ph-(CH2)2-(R)CH(OH)-C(0)-Aze-Pab(Z) (0.1 12 g; 0.212 mmol; from step (i) 
above) yielding 77 mg (84%). 

» LC-MS m/z 395 (M + 1)*. 393 (M - 1 )' 

'H NMR (400 MHz; CD3OD): 8 7.77-7.77 (m, 9 H), 4.73-5.19 (m, 1 H), 4.40-4.62 (m, 2 
H), 3.92-4.34 (m, 3 H), 2.48-2.84 (m, 3 H), 2.09-2.33 (m. 1 H), 1.83-2.05 (m, 2 H). 
"C NMR (100.6 MHz; D2O; complicated due to lotamers) amidine and carbonyl carbons: 
5 175.66. 174.80, 172.56, 172.49. 166.14. 165.87. 



2S 
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7 . ]^apt,thyi^s^rH(f^"^f^^f^^-A^^-Pab x HQAC 

(i) (B,sy?.naphthvnplvcoiic acid 
5 Hie sub-tiUe compound was prepared according to the method described in Example 15(i) 
above from 2-naphthaldehyde (15.6 g; 100 mmol) yielding 12.37 g (61%). 

LC-MS m/z 201 (M - 1)*. 403 (2M - 1)" 

'H NMR (500 N4Hz; CD3OD): 5 7.43-7.98 (m, 7 H). 5.29-5.35 (m, 1 H). 

10 

(H) 7.M<ipMhvi.n? R^rwnHvrfOVA7frPabfZ) 

TTie sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,SH2-naphthyl)glycolic acid (0.162 g; 0.8 mmol; from step (i) above 
yielding 266 mg (60%). 

IS 

LC-MS m/z 551 (M+1)* 

'H NMR (400 MHz; CDCI3): 6 7.18-7.91 (m, 16 H). 4.86-5.26 (m. 3 H), 4.05-4.60 (m, 3 
H), 3.52-3.78 (m, 2 H), 2.24-2.73 (m, 2 H). 

20 (iK> ?.Naphthvl^ g^^Hrf>HV^fOVA7e.Pabx HQAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from2-naphthyl-(R,S)CH(OH)-C(0).Aze.Pab(Z) (0.266 g; 0.48 mmol; from step 
(ii) above yielding 202 mg (88%). 

23 LC-MS m/z 417 (M + 1)* 

'H NMR (500 MHz; CD3OD): 6 7.28-7.96 (m, 1 1 H). 5 JO-5.40 (m, 1 H). 3.95-4.82 (m, 5 

H), 2.09-2.59 (m. 2 H). 



30 



• 
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Example 32 

3-IndQlvl.CH2-rR.S^CHfQH VC(OVAze.Pab x HQAc 

(i) 3-Tndolvl-CH^-fR.S^CHfOm-aOVAze-PabfZ) 
5 The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-(3-indolyl)lactic acid (0.21 g; 1.0 mmol) yielding 0.22 g (45%). 

'H NMR (500 MHz; CDCl.0: 5 6.57-7.80 (m, 14 H). 5.24 (s. 2 H), 4.59-4.83 (m, 1 H), 
4.19-4.51 (m, 3 H), 3.69-3.99 (m, 2 H), 3.03-3.36 (m. 2 H), 2.31-2.56 (m, 2 H). 



(ii) 3>TndQlvUCH^.rR.S^CHrom-CrOVA2e-Pab x HQAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from 3-indolyl-CH2-(R.S)CH(OH)-C(0)-A2e-Pab(Z) (0.1 1 g; 0.20 mmol; from step 
(i) above yielding 75 mg (80%). 



FAB-MS m/z 420 (M+l)"^ 

'H NMR (500 MHz; D2O): 8 7.00-7.75 (m, 9 H), 4.61-4.71 (m, 1 H), 3.74^.51 (m, 5 H), 
3.00-3.28 (m. 2 H), 1.95-2.42 (m, 2 H) 

'^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
20 carbonyl carbons: 5 179.38, 176.19, 175.56, 173.06, 166.78. 

Example 33 

(CH^ ^CH-TR^CHfOm-CrO VAze-Pab x HQAc 



10 



15 



2S 



(i) (CH^CH-(R)CHfQHVC(QVAz€'Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R)-2-hydroxyisovaIeric acid (0.12 g; 1 .0 mmol) yielding 68 mg (16%). 
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'H NMR (300 MHz; CDCI3): 5 8.25-8.40 (t, NH), 7.15-7.90 (m, 9 H), 5.20 (s, 2 H). 4.85- 
4.95 (m, 1 H). 4.30-4.55 (m, 2 H), 4.05-4.25 (m, 2 H). 3.75-3.90 (m, 1 H), 1.65-2.75 (m. 3 
H), 0.70-1.05 (m, 6 H). 

(ii) rrH^^rH-m^WOm-CrOVAze-Pabx HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from (CH3)2CH-(R)CH(OH)-C(0)-Aze-Pab(Z) (0.068 g; 0.15 mmol; fioms step (i) 
above) yielding 13 mg (23%). 

'H NMR (300 MHz; DjO): 5 7.45-7.80 (m, 4 H), 4.85-5.25 (m, 1 H), 4.45-4.65 (m, 2 H), 
4.30-4.40 (m, 1 H), 3.80-4.10 (m, 2 H), 2.60-2.80 (m, 1 H), 2.20-2.35 (m, 1 H), 1.90-2.05 
(m, IH), 0.70-1.00 (m, 6 H). 

"C NMR (75.5 MHz; D2O; complicated due to rotamets) amidine and carbonyl carbons: 
182.37, 176.34, 175.38, 173.84, 173.26, 167.16. 

Example 34 

rrH^V ^CH-fCH; ^^-fR S^CHrom-ryOVAy^-Pah x HOAc 

(i) {CHji2CH-(CH2)2-fR.S)CHfQHVC(Q>-Aze-Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-isoleucic acid (0.12 g; 0.88 mmol) yielding 0.15 g (36%). 

'H NMR (300 MHz; CDCI3): S 7.15-7.80 (m, 9 H), 5.20 (s, 2 H), 4.85-4.95 (m, 1 H), 4.35- 
4.55 (m, 2 H), 3.85-4.20 (m, 3 H), 2.40-2.80 (m, 2 H). 1.75-2.10 (m, 1 H), 1.20-1.55 (m, 2 
H), 0.75-1.00 (m. 6 H). 

(ii) rCHjV ^C:H.fCHj ^-m,S^CHfQHVCrnVA7i..Pah X HOAc 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from (CH3)2CH-(CH2)2-(R,S)CH(OH>-C(0)-Aze-Pab(Z) (0.13 g; 027 mmol; from 
step (i) above) yielding 0.1 1 g (100%). 
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'H NMR (400 MHz; D^O): 8 7.63-7.69 (m, 2 H), 7.37-7.46 (m, 2 H). 4.72-5.12 (m, 1 H), 
4.40-4.46 (m, 2 H), 4.17-4.3 1 (m. 2 H). 3.90-4.02 (m, 1 H). 2.50-2.69 (m, 1 H), 2.1 1-2.27 
(m, 1 H), 1.12-1.72 (nw 3 H), 0.61-0.85 (m, 6 H). 

"C NMR (75.5 MH2:; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 176.97, 176.80, 176.61, 176.19, 173.38, 173.28, 173.17, 173.10. 
166.78, 182.02. 

Example 3? 

The subtitle compound was prepared according to the method described in Example l(ii) 
from Boc-Pro-OH (10.2 g. 47.4 mmol) and added H-Pab(Z) x HCl (15.9 g, 49.8 mmol), 
yielding 21.74 g (95.5%) 

FAB.MSm/z48l(M + l)* 

'H NMR (400 MHz; CD3OD) 5 8.0-7.8 (m. 2H). 7.5-7.25 (m, 7H). 5.17 (s, 2H) 4.6-4.15 
(m, 3H). 3.6-3.35 (m, 2H), 2.3-2.1 (m. IH), 2.1-1.8 (m, 3H), 1.5-1.3 (two broad singlets, 
rotamers of Boc, 9H) 

riil H.Pro-Pabr7-> 

The subtitle compound was prepared according to the method described in Example 3(i) 
from Boc-Pro-Pab(Z) x HCl (from step (ii) above) followed by an alkaline extractive work 
up. 

(iii) Phf3-Om.fRS^CWOHVaOVPro-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-hydroxymandelic acid (0.25 g; 1.5 mmol) and H-Pn)-Pab(Z) (0.63 g; 
1.65mmol; from step (ii) above) yielding 51 mg (6%) of the title compound. 
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FAB-MS m/z 531 (M + 1)* 



10 



The tide compound was prepared according to the method described in Example l(v) 
above from Ph(3-OHHR.S)CH(OHK(0>Pro-Pab(Z) (0.05 g; 0.094 mmoi; from step (iii) 
above) yielding 30 mg (74%). 

FAB-MS m/z 397 (M+1)* 

"C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
caibonyl carbons: 5 175.36, 175.13, 172.92, 167.13. 

F.Yflmple 36 

Ph (i s^iOMev p RV-wmD-aovPro-Pab X HQAC 



IS 



The sub-tide compound was prepared according to die mediod described in Example 3(ii) 
above from (R,S)-3,5-dimedioxymandelic acid (0.08 g; 0.38 mmol; prepared according to 
die mcdiod described in Syndiesis (1974), 724) and H-Pro-Pab(Z) (0.16 g; 0.42 mmol; see 
20 Example 35(ii)) yielding 61 mg (28%). 

'H NMR (500 MHz; CDClj): 6 7.70-7.80 (t, NH), 7.08-7.50 (m, 9 H), 6.30-6.50 (m, 3 H), 
5.20 (s. 2 H), 5.00-5.10 (m, 1 H), 4.25-4.70 (m. 3 H), 3.60-3.80 (m, 6 H), 3.35-3.55 (m, 1 
H), 2.95-3.25 (m, 1 H), 1.70-225 (m, 4 H). 



2S 



(ii) phn ^-^shmpWR s^rHfOHVCfOVPro-Pahx HQAc 

TTie tide compound was prepared according to die mediod described in Example 15(iii) 
above from Ph(3,5HiiOMe)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.06 g; 0.10 mmol; from step 
(i) above) yielding 35 mg (72%). 



JO 
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'H NMR (500 MHz; DjO): 8 7.23-7.80 (m, 4 H), 6.41-6.65 (m. 3 H). 5.35-5.45 (m, 1 H), 
4.35-4.60 (m, 3 H), 3.80 (s. 3 H). 3.10-3.75 (m, 5 H), 1.70-2.35 (m, 4 H). 
"C NMR (75.5 MHz; D2O; complicated due to diastereomcrs/rotamers) amidine and 
carbonyl carbons: 6 175.28. 175.05, 174.03. 173.46, 172.80, 172.73, 167.11, 166.95. 

s 

Fxample 37 

(i) Phr't^Me^^.S ^rwnHVrfOVPro.PabfZ^ 

10 The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-methoxyniandelic acid (0.27 g; 1.5 mmol) and H-Pio-Pab(Z) (0.57 g; 
1.5 mmol; see Example 35(ii) above) yielding 158 mg (20%). 

FAB-MS m/z 545 (M+1)* 
IS 'H NMR (400 MHz; CDCI3): 6 7.77-7.84 (m. 2 H), 7.01-7.48 (m, 8 H). 6.80-6.91 (m, 3 H). 
5.20-5.24 (m. 2 H), 5.06-5.1 1 (m, 1 H), 4.30-4.72 (m, 3 H). 3.68-3.79 (m. 3 H), 3.38-3.57 
(m, 1 H), 2.91-3.17 (m, 1 H). 1.68-2.31 (m, 4 H). 

(ii) Phf t-OMeVfR.S ^r.HfnHVaOVPro.Pah X HOAc 

20 The title compound was prepared according to the method described in Example 1 5(iii) 
above from Ph(3-OMe)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.06 g; 0.1 1 mmol; from step (i) 
above yielding 39 mg (75%). 

LC-MS m/z 41 1 (M+ 1)*, 409 (M - 1)* 
25 'H NMR (400 MHz; DjO): 5 6.81-7.84 (m, 8 H), 5.47 (s, 1 H), 4.35-4.59 (m, 3 H), 3.60- 
3.88 (m, 4 H), 3.07-3.29 (m, 1 H), 1.74-2.37 (m. 4 H). 
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Example 38 

Phf3.4^.Q-CHj.O -'>WR.SlCHfOHVCfOVA2e.Pab x HOAc 

(i) Phr3.4.r.O.CH;.0.>WR.S^CHrOHVrrOVA7i».Pah(7A 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3,4-methylenedioxymandeIic acid (0.20 g, 1 .0 mmol, prepared according 
to the method described in Synthesis (1974) 724) yielding 0.22 g (44%). 

'H NMR(400 MHz; acetone-d«): 5 6.68-8.12 (m, 12 H), 5.94-6.05 (m. 2 H), 5.18 (s. 2 H). 
3.81-5.12 (m, 6 H), 2.30-2.54 (m. 2 H). 

(ii) Phr3.4-r.O.CHj.Q-^WR S^CWOHVrrOVA«.-Pah X HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3,4-(-0-CH2-0-)HR,S)CH(OH)-C(0)-Aze-Pab(Z) (0.1 1 g; 0.20 mmol; 
from step (i) above) yielding 72 mg (76%). 

'H NMR (500 MHz; DjO): 6 6.64-7.80 (m, 7 H), 5.91-6.01 (m, 2 H), 4.80-5.24 (m, 2 H), 
3.88-4.57 (m, 4 H), 2.1 1-2.84 (m, 2 H). 

'^C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
caibonyl carbons: 5 176.03, 175.70. 175.07. 174.82. 168.86. 

Example 39 

Phf 3.0Me:4.0HWR S^CHfflHVaOVPro.Pah x HOAc 
fi^ Phf3.0Me.4-OHVfR.SlCHfOm-CfOVPro-PabrZ ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-4-hydroxy-3-methoxymandelic acid (0.40 g; 2.0 mmol) and H-Pn>- 
Pab(Z) (0.76 g; 2.0 mmol; see Example 35(ii)) yielding 132 mg (12%). 



FAB-MS m/z 561 (M+1)* 
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'H NMR (400 MHz; CDCl,): 5 6.62-7.84 (m, 12 H), 5.20-5.25 (m, 2 H), 4.15-5.08 (m, 3 
H). 3.42-3.84 (m, 4 H). 2.91-3.25 (m, 1 H), 1 .66-2.37 (m, 4 H). 

(ii) Phn-nMe 4.nH WR Sy!WOHVCfOVPro-Pab x HOAc 
The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3-OMe,4-OH)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.048 g; 0.09 mmol; from 
step (i) above) yielding 23 mg (55%). 

FAB-MS m/z 427 (M + 1)* 

'H hfMR (400 MHz; 0,0): 5 6.72-7.83 (m, 7 H), 5.42 (s, 1 H), 4.38-4.68 (m, 3 H), 3.55- 
4.10 (m, 4 H). 3.09-3.29 (m, 1 H), 1.72-2.37 (m. 4 H). 

"C NMR (75.5 MHz; D2O) amidine and carbonly carbons: 5 175.12, 173.25, 167.09. 
Example 40 

pti^ s^^rKt¥O H^u^'rn^.Pm.pah x hqac 

(i) Ph^ R^CfFtVOHVCfOVPro-PabfZ^ 

The sub-title compoimd was prepared according to the method described in Example 3(ii) 
above from (R,S)-2-hydroxy-2-phenyl butanoic acid (0.36 g; 2.0 mmol) and H.Pro-Pab(Z) 
(0.76 g; 2.0 mmol; see Example 35(ii) above) yielding 57 mg (5%). 

FAB-MS m/z 543 (M + 1)* 

'H NMR (400 MHz; CDCI3): 5 7.24-7.88 (m, 14 H), 5.23 (s, 2 H), 4.44-4.81 (m, 3 H). 
2.98-3.25 (m, 2 H), 1.49-2.32 (m. 6 H), 0.85-0.95 (m, 3 H). 

(u) Ph-nt s^rrFtvom-rrovPrn-Pah x hqac 

The tide compound was prepared according to the method described in Example 1 5(iii) 
above from Ph-(R,S)C(EtXOH>C(0)-Pro-Pab(Z) (0.055 g; 0.1 mmol; from step (i) above 
yielding was 34 mg (72%). 
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FAB-MS m/z 409 (M + 1)* 

'H NMR (400 MHz; DjO): 67.33-7.82 (m, 9 H). 4.38-4.60 (m, 3 H), 3.19-3.71 (m, 2 H), 
1.54-2.34 (m. 6 H), 0.73-0.90 (m, 3 H). 

■ "C NMR (75.5 MHz; DjO; complicated due to diastercomers/rotamers) amidine and 
carbonyl carbons: 5 182.05, 176.42. 175.73, 175.59, 174.70. 174.47. 167.18. 

Kxample 41 

vhn ^^iMeU^ g)rHrnw-rrovA7i>-Pahx HQAc 

(') fP iSV? S-pimrthvlmandelic acid 

The sub-title compound was prepared according to the method described in Example 15(i) 
above from 3,5-dimethylbenzaldehyde (5.0 g; 37 mmol) yielding 2.8 g (42%). 

'H NMR (400 MHz; CDjOD): 5 7.05 (s, 2 H), 6.94 (s, 1 H), 5.04 (s, 1 H), 2.28 (s, 6 H). 

f»)phn s.^;m^^^ s^rHrnm-rroVATe-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3,5-dimethylmandeIic acid (0.27 g; 1.5 mmol; from step (i) above) yielding 
0.403 g (51%). 

FAB-MS m/z 529 (M+1)* 

'H NMR (500 MHz; CDClj): 6 6.85-7.88 (m. 12 H), 5.22-5.26 (m. 2 H), 4.84-5.03 (m, 2 
H), 4.43-4.62 (m. 2 H). 3.57-4.13 (m, 2 H). 2.25-2.74 (m. 8 H). 

p hf-^ ^.H;M>>^.^t s^rHro HvrrovAze-Pabx HOAc 
The title compound was prepared according to the method described in Example 1 5(iii) 
from Ph(3,5-diMe)-(R^)CH(OH>C(0)-Aze-Pab(Z) (0.102 g; 0.194 mmol; from step (ii) 
above) yielding 74 mg (84%). 
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'H-NMR (400 MHz; DjO): 6 6.76-7.82 (m, 7 H), 4.80-5.27 (m, 2 H). 3.87-4.62 (m, 4 H). 
2.20-2.87(111, 8 H) 

"C-NMR (75.5 MHz; D2O; complicated due to diastereomers/iotamers) amidine and 
carbonyl carbons: 8 182.07. 175.60. 174.49, 174.37. 173.96. 173.23. 173.09, 173.05. 
172.93, 166.98. 166.90. 

Example 42 

ph(3jjp^>.n? SV-WOHVCrOVATE-Pabx HOAc 
QPhn-NOi)-^ R^rHrOHVaOVAze-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-nitromandelic acid (0.30 g; 1.5 mmol) yielding 0.40 g (48%). 

LC-MSm/z545(M+l)* 

'H NMR (400 MHz; CDCl,): 8 7.16-8.22 (m, 13 H), 5.18-5.23 (m, 2 H), 4.85-5.15 (m, 2 
H), 4.08-4.60 (m, 3 H), 3.65-3.81 (m. 1 H). 2.31-2.71 (m, 2 H). 

(ii) EhP-NHi>f'?|S^<""^""^^<^"^A7B-Pab X HOAc 

The title compound was prepared accoiding to the method described in Example 1 5(iii) 
fiom Ph(3.N02)-(R,S)CH(0H)-C(O)-Azc-Pab(Z) (0.102 g; 0.19 mmol; fiom step (i) 
above) yielding 0.074 g (89%). 

LC-MSm/z382(M+l)* 

'H-NMR (400 MHz; DjO): 8 6.58-7.82 (m, 8 H). 4.80-5.25 (m, 2 H). 3.60-4.60 (m, 4 H). 
2.12-2.88 (m, 2 H) 

"C NMR (75:5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 8 181.96, 175.27, 174.25. 173.84. 173.19. 173.01, 166.93. 
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Frxamplc43 

phn.N(^UR s^Hrom.aoVA74i-Pab x HQAc 

Anisole (0.030 g; 0.27 tnmol) and trifluoromethanesulfonic acid (0.138 g; 0.92 mmol) was 
added to a mixture of Ph(3-N02HR.S)CH(OH)-C(0)-Aze.Pab(Z) (O.lOO g; 0.18 mmol; 
see Example 42(i) above) and CHjCli (10 ml). The reaction mixture was stiired at room 
temperature for 10 minutes. HjO was added and the pH was adjusted to 9 with N^COj/aq. 
The CHjClj was removed in vacuo and the remaining H20-layw was extracted wiih 
diethylether (3 x 5 ml) followed by freeze drying. The crude product was subjected to 
preparative RPLC yielding 62 mg (60%) of the title compound after freeze drying. 

'H NMR (400 MHz; DjO): 8 7.38-8.3 1 (m, 8 H), 4.83-5.50 (m, 2 H). 4.03-4.57 (m, 4 H), 
2.17-2.86 (m, 2 H) 

"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 181.5, 173.84, 173.39, 173.15, 173.04, 172.96, 172.80, 166.85. 

Kxample 44 

Phf VW-^ g^rWOH^-rrOVPro-Pah x HQAc 

(i^Phn-No^wR s^rwom-aovPro-PabfZ) 

The sub-title compound was prepared accordti^ to the method described in Example 3(ii) 
from (R,S)-3-nitromandelic acid (OJO g; 1.5 mmol) and H-Pro-Pab(Z) x 2 HCl (0.75 g; 
1.65mmol; see Example 35(ii) above) yielding 0.61 g (73%). 

LC-MSm/z560(M+l)* 

•H-NMR (400 MHz; CDCI3): 8 726-8.23 (m, 13 H), 5.20-5.28 (m 3 H). 4.33-4.73 (m, 3 
H). 3.46-3.68 (m, 1 H), 2.92-3.14 (m. I H), 1.79-2J3 (m, 4 H) 
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(ii) Phf3.NHj.WR.S^CHfOHVCfOVPro.Pab x HOAc 

The tide compound was prepared according to the method described in Example IS(iii) 
from Ph(3.N02HR.S)CH(OH)-C(0)-Pro-Pab(Z) (0.104 g; 0.19 mmol; from step (i) above) 
yielding 64 mg (76%). 

5 

LC-MSm/z396(M + l)* 

'H-NMR (400 MHz; DjO): 6 6.74-7.82 (m, 8 H), 5.34-5.40 (m, 1 H), 4.35-4.58 (m. 3 H). 
3.09-3.78 (m, 2 H), 1.75-2.35 (m, 4 H) 

'^C-NMR (75.5 MHz; DjO; complicated due to diasteteomers/rotamers) amidine and 
10 carbonyl carbons: 6 182.04, 175.38. 175.18, 173.12, 173.04, 167.07 

Example 45 

PhrS-NOjVfR or S^CHfOHVCfflVPro-Pab x HOAc 

The title compound was prepared according to the method described in Example 43 from 
IS Ph(3-N02)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0. 1 1 7 g; 0.2 1 mmol; see Example 44(i) 
above). Some fractions were concentrated to give 23 mg (45%) of a compound with a 
diastereomeric ratio of >99: 1 . 

LC-MS m/z 424 (M - 1)*; 426 (M + 1)* 
20 'H-NMR (500 MHz; D^O): 8 7.31-8.35 (m, 8 H), 5.50-5.71 (m, 1 H), 3.64-4.57 (m, 4 H), 
3.24-3.32 (m, 1 H), 1.76-2.42 (m. 4 H) 

"C NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 5 
175.21, 173.98, 172.58, 172.18, 167.12, 166.82 

25 (Earlier fractions were concentrated to give 22 mg (43%) of the epimer of the above 
compound with a diastereomeric ratio of >99:1). 
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Pxample 46 

Phn.4^^^Hj 4%^^^S^CHrOHVaQVPro.Pab x HCl . 



The sub-tide compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3,4-methyIenedioxymandelic acid (0.20 g, 1.0 mmol, prepared according 
to the method described in Synthesis (1974) 724) and H-Pro-Pab(Z) x 2 HCI (0.35 g; 0.91 
nunol; see Example 3S(ii) above) yielding 80 mg (16%). 

FAB-MS m/z 559 (M+1)* 

'H-NMR (500 MHz; CDCI3): fi 6.69-7.89 (m, 12 H), 5.91-6.04 (m, 2 H), 4.30-5.28 (m, 2 
H), 3.00-3.61 (m, 6 H), 1.95-2.35 (m, 4 H). 

(ii) Phrr4.r-o-CHj .o.-tvrR.s^CHroffl.crovPro.Pab x hci 

The title compound was prepared according to the method described in Example l(v) 
above from Ph(3,4-(-0-CH2-0-))-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.08 g; 0.14 mmol; 
from step (i) above) yielding 48 mg (73%). 

FAB-MS m/z 425 (M+1)* 

•H-NMR (500 MHz; D2O): 5 6.81-7.85 (m, 7 H). 5.90-6.05 (m, 2 H), 5.33-5.44 (m, 1 H). 
4.37-4.90 (m, 3 H), 3.62-3.77 (m, IH), 3.13-3.28 (m, 1 H), 1.80-2.36 (m, 4 H) 
'^C NMR (75.5 MHz; DjO; complicated due to diastereomers^tamers) amidine and 
carbonyl carbons: 5 175.37, 175.09, 173.66, 173.08, 173.00, 167.03. 
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Example 47 

The sub-title compound was prqpaied according to the method described in Example 3(ii) 
above from (R,S>3,5-difluoromandelic acid (028 g; 1.5 mmol) and H-Pro-Pab(Z) x 2 HCl 
(0.75 g; 1.65 mmol; see Example 35(ii) above) yielding 0.42 g (51%). 

LC-MS m/z 549 (M - l)'; 551 ( M + 1)* 

'H-NMR (400 MHz; CDCI3): 5 6.72-7.84 (m. 12 H), 5.22 (s, 2 H). 5.08 (s. 1 H), 4.34-4.73 
(m. 3 H), 3.41-3.60 (m, 1 H), 2.96-3.19 (m, 1 H), 1.80-2.34 (m, 4 H) 

Phn s-diFv n? s->rHfom-rrnvPm.Pah x hoac 
The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3,5-diF)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.104 g; 0.19 mmol; from step (i) 
above) yielding 79 mg (88%). 

LC-MS m/z 415 (M - 1)"; 417 (M + 1)* 

'H NMR (400 MHz; DjO): 8 6.86-7.80 (m, 7 H), 5.50 (s, 1 H), 3.58-4.72 (m, 4 H). 3.19- 
3.32 (m, 1 H). 1.80-2.37 (m, 4 H). 

"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 6 181.87, 175.21, 174.98, 174.12, 172.57, 172.12, 171.97, 167.10, 
165.24. 

Kxample 48 



(i^ Pii./T?^rHfo m.rro^Rn 

(R)-Mandeljc acid (3.0 g, 19.7 mmol) was dissolved in DMF (50 ml) and cesium carbonate 
(3.21 g, 9.86 mmol) was added. The reaction mixture was stirred at room temperature 
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overnight The mixture was diluted with H2O (200iiil) snd the HjO'l&yer was extracted 
with EtOAc. After separation the organic layer was washed with NaCI/aq, dried (Na2S04) 
and evaporated. The yield of the sub-title comi)Ound was 4.2 g (88%). 

5 LC-MSin/z265(M + Na)* 

'H-NMR (400 MHz; CDCI3): 6 7.17-7.44 (m, 10 H). 5.12-5.27 (m, 3 H) 

(ii) Ph-fKICHCO-CHi-CH^H^VCCQJQBn 

A mixnire of Ph-(R)CH(OH)-C(0)OBn (1.0 g; 4.13 nunol; from step (i) above), 
10 magnesium sulphate (0. 1 g; 0.83 mmol) and silver (I) oxide (2.58 g; 1 1 .2 nunol) in 
petroleum ether (bp 40-60°C; 25 ml) was stirred at room temperature in nitrogen 
atmosphere and darkness. AUyl bromide (0.75 g; 6.19 mmol) was added dropwise 
followed by silver (I) oxide (2.58 g; 1 1 .2 mmol) in two portions. The reaction mixture was 
stirred at room temperature overnight. The mixture was subsequently filtered through 
15 celite and the filtrate was evaporated yielding 1.143 g (98%) of the sub-title compound. 

*H-NMR (500 MHz; CDCI3): 5 7.20-7.50 (m, 10 H), 5.89-5.99 (m, 1 H), 5.09-5.31 (m, 4 
H), 4.99 (s, 1 H). 4.03-4.1 1 (m, 2 H). 

20 fiii) Ph-fR)CHf(M:H^-fR.s)CHrom-CH,om.cro^oBn 

A mixture of Ph-(R)CH(0-CH2-CH=CH2)-C(0)OBn (0.74 g; 2.62 mmol; from step (ii) 
above), N-methyhnorpholine-N-oxide (0.425 g; 3.15 mmol) and osmium tetroxide (0.0027 
g; 0.01 nunol) in H20:acetone (2: 1; 10 ml) was stirred at room temperature for 2 days. 
Sodium pyrosulfite (1 .5 g; 7.89 mmol) was added and the mixnire was stirred for 1 h. The 
25 reaction mixture was subsequendy filtered through celite and the filtrate was evaporated. 
The yield of the sub-title compound was 0.51 g (62%). 

"H-NMR (400 MHz; CDCI3): 5 7.16-7.44 (m, 10 H). 5.09-5.20 (m, 2 H), 4.96 (s, 1 H), 
3.55-3.97 (m, 5 H). 
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(iv) Ph^^rWQ.CHj^.S^CHf-O^fCHj^^CHr'tVCfQ^QBn 

Ph-(R)CH(0-CH2-(R,S)CH(OHKH20H)^(0)OBn (0.51 g; 1.61 mmol; from step (ui) 
above) was dissolved in acetone (20 ml). p-Toluenesulfonic acid monobydrate (0.007 g, 
0.037 mmol) was added and the mixture was stirred at room temperature for 24 h. 
s Potassium carbonate (0.09 g) was added and the reaction mixture was stirred at room 
temperature for 1 h. The mixture was subsequently filtered through celite and the filtrate 
was evaporated yielding 0.SS9 g (97%) of the sub-title compound. 

'H-NMR (400 MHz; CDCl,): 5 7.18-7.48 (m, 10 H). 5.01-5.21 (m, 3 H), 4.27-4.40 (m, 1 
10 H), 4.02-4.1 1 (m, 1 H). 3.76-3.90 (m, 1 H). 3.49-3.67 (m, 2 H), 1.34-1.41 (m, 6 H) 

(V) Ph-rR^CHrO-CHi-m.S^CHf-0-CfCH3 ) i-Q-CHr>VCfQ)QH 
Ph-(R)CH(0-CH2-(R,S)CH(-O-C(CH3)2-0-CH2-))-C(0)0Bn (0.183 g; 0.51 mmol; from 
step (iv) above) was dissolved in ethanol (1 0 ml). Pd/C (5%; 0.09 g) was added and the 
15 reaction mixture was hydrogenated at atmospheric pressure for 1 h. The mixture was 
subsequently filtered through celite and the filtrate was evaporated yielding 0.137 g 
(100%) of the sub-title compound. 

LC-MSm/z265(M- 1)' 
20 'H-NMR (400 MHz; CDjOD): 6 7.28-7.48 (m, 5 H). 4.97 (s, 1 H), 4.25-4.35 (m, 1 H), 
4.01-4.09 (m, 1 H), 3.72-3.84 (m. 1 H), 3.43-3.65 (m, 2 H), 1.30-1.37 (m, 6 H) 

(vi) Ph-m^CHfO-CHj-m.S^CHf-O-CrCH^V0-CHj-)Va0VAze-PabfZ) 
The sub-title compound was prepared according to the method described in Example 3(ii) 
25 above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)OH (0.165 g; 0.62 
mmol; from step (v) above) yielding 0.20 g (52%). 

LC-MS m/z 613 (M - 1)"; 615 (M + I)* 

'H-NMR (500 MHz; CDCI3): 5 7.22-7.88 (m. 14 H). .' /12 (s, 2 H), 4.87-4.95 (m, 2 H), 
30 3.40-4.54 (m, 9 H), 2.36-2.76 (m. 2 H), 1.22-1.42 (ra, 6 H). 
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(vii) Ph^TtiCHfO-CHj-rRS^ CHr^.rrrHj^j.CM!Hj.^vrrnvAri..Pah v hoac 

The title compound was prepared according to the method described in Example lS(iii) 
above from Ph-(R)CH(O-CHi-{R,S)CH(-0-C(CH3)2-O.CH2-))-C(0)-Aze-Pab(Z) (0.20 g; 
0.32S mmol; from step (vi) above) yielding 179 mg (100%). 

LC-MS m/z 479 (M - 1)", 481 (M + 1)* 

•h-NMR (500 MHz; DjO): 5 7.33-7.80 (m, 9 H), 4.81-5.31 (m. 2 H), 3.94-4.59 (m, 6 H), 
3.25-3.80 (m, 3 H), 2.16-2.88 (m, 2 H), 1.29-1.44 (ra. 6 H) 
"C-NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 181.99, 173.12, 172.93. 172.18. 166.84. 

(viii) Ph-fR^CHfO-CHi-fR.SlCHfOHVCHjOHVCrOVA7.e.Pah x HOAc 
Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2.0-CH2-))-C(0)-Aze-Pab x HOAc (0.094 g; 0.17 
mmol; from step (vii) above) was dissolved in HOAciHjO (4: 1 ; 1 0 ml) and the reaction 
mixture was stirred at room temperature for 24 h. The mixture was evaporated and the 
residue was dissolved in H2O and freeze dried. The yield of the title compound was 85 mg 
(100%). 

LC-MS m/z 439 (M - 1) ; 441 (M + 1)* 

'H-NMR (500 MHz; D2O): 5 7.32-7.78 (m. 9 H), 4.81-5.28 (m, 2 H), 3.28^.56 (m, 9 H), 
2.15-2.90 (m, 2 H) 

"C-NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 6 179.14. 172.93. 172.89. 172.51. 171.96. 166.54. 

Example 49 

Ph-mK:HrO.CHj-nLS^CHfOHVCHpm.aOVPm.Pah x HOAc 



(i) Ph-rR^CHfO-CHirR.S^CHf.O-CrrHjVO.CHj.^VrrOVPm-Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above from Ph-(R)CH(0-CH2(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)OH (0.108 g; 0.4 
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mmol; see Example 48(v) above) and H-Pio-Pab(Z) x 2 HCl (0.202g; 0.46 ininol; see 
Example 35(ii) above), yielding 0.10 g (40%). 

LC-MS miz 627 (M - 1)*; 629 (M + 1)*; 65 1 (M + Na)* 

'H-NMR (500 MHz; CDCI3): 6 7.23-7.87 (m, 14 H), 5.03-5.27 (m, 3 H), 3.34-4.64 (m. 10 
H), 1 .71-2.39 (m, 4 H), 1 .23-1.41 (m. 6 H) 

(ii) Ph.rR^CHfO-CHj -mS^CHr.O.CrCHj>i.O.CHjOVCfOVPn>-Pab X HQAc 

The sub-title compoiud was prepared accoiding to the method described in Example 
15(jij) above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)j-0-CH2-))-C(0)-Pro-Pab(Z) 
(0.1 OOg; 0.159 mmol; fiom step (i) above yielding 85 mg (96%). 

LC-MS m/z 493 (M - 1)', 495 (M + 1)* 

'H-NMR (500 MHz, D2O): 7.30-7.82 (m, 9 H), 5.22-5.38 (m, 1 H), 4.32-4.62 (m, 4 H). 
4.01-4.11 (m, 1 H),3.22-3.83 (m, 5 H), 1 78-2.22 (m, 4 H), 1.33-1.44 (m,-6H) 
''C-NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 6 181.47, 174.74, 173.53, 171.64, 171.50, 171.00, 170.94, 166.58. 

(iii) Ph-m^CHfO-CH ^-TR S^rHrOHVrHjOHVCrOVPro-Pab x HQAc 

The title compound was prepared according to the method described in Example 48(viii) 
above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)-Pro-Pab x HOAc 
(0.038 g; 0.069 mmol; from step (ii) above) yielding 35 mg (98%). 

LC-MS m/z 453 (M - 1)'; 455 (M + 1)* 

'H-NMR (500 MHz; DjO): 8 7.30-7.82 (m, 9 H), 5.20-5.38 (m, 1 H), 3.18-4.60 (m, 10 H). 
1.70-2.38 (m, 4 H) 

"C-NMR (100.6 MHz; D2O; complicated due to diastereomers^tamas) amidine and 
carbonyl carbons: 5 180.26. 174.74, 173.47, 171.80, 171.26, 166.61. 



• 
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Example SO 

Ph.fR or R\C(^C(CH^\MH^A.aOyA2R.Pzh x HOAc and 
Ph.rS or R^r-O.CrCH;^^I^.CHJ-VCfflVA7i»■Pah X HOAc 

s (i) Ph-fR.SK;f-Q-aCH3)2-Q-CH2-K(P)QH 

The sub-title compound was prepared analogously to the method described in Example 
48(iv) above fiom a-hydioxytropic acid (3.5 g; 20.35 mmol; prepared according to Guthrie 
et al.. Can. J. Chem. (1991) 69. 1904) yielding 3.37 g (74%). 

10 'H-NMR (500 MHz; CDClj ): 5 7.30-7.65 (m, 5 H). 4.95 (d, 1 H), 4. 10 (d, 1 H), 1 .70 (s, 
3H),1.50(s,3H). 

(ii) Ph-m.s^cr.o-CfCH;iVQ-CH,.vcro%A7B.Pahr7^ 



The sub-title compoimd was prepared according to the method described in Example 3(ii) 



IS above fiom Ph-(R, S)C(.-ja-£:(CHj)2=O=CHr)-C(O)OH-(0.25 g ■ 1 . 1 2 mmol; from step (i) 
above) yielding 0.30 g (53%). 

'H-NMR (400 MHz; CDCI3): 5 7.20-7.90 (m. 14 H), 5.22 (s, 2 H), 3.70-5.10 (m, 7 H), 
2.15-2.75 (m. 2 H), 1.40-1.65 (m, 6 H). 



(iii) Ph-TR or S^Cf-0-CrCHj WO.CH,.VCfQVAze.Pahx HOAc an d 

Ph-f S or R)Cr-0-aCHj^.0.CH.;.VCrQVA7e-Pah x HOAc 
A mixture of Ph-(R, S)C(-0-C(CH3)2-0-CH2-)-C(0>Aze-Pab(Z) (0.30 g; 0.53 mmol; fiom 
step (ii) above), ammonium formate (0.30 g, 4.76 mmol), formic acid (3 drops) and Pd/C 
25 (5%, 0.30 g) in methanol (10 ml) was stirred at room temperature for 30 minutes. The 
reaction mixture was filtered through celite and the filtrate was evirated. The crude 
product (0.29 g) was subjected to preparative RPLC. Some fiactions were concentrated to 
give 80 mg (35%) of compound 50A with a diastereomeric ratio >99:1. Later fiactions 
were concentrated to give 80 mg (35%) of compound 50B with a diastereomeric ratio of 



20 



30 98:2. 
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Compound SOA: 
LC-MSm/z437(M+l)* 

'H NMR (400 MHz; CDjOD): 5 7.28-7.85 (m, 9 H), 3.70-4.95 (m, 7 H), 2.10-2.55 (m. 2 
5 H). 1.55 (s. 3 H), 1.50(5,3 H) 
Compound 50B: 
LC-MSm/z437(M+l)* 

'H-NMR (400 MHz; CD3OD ): 5 7.25-7.80 (m, 9 H), 3.70-5.00 (m, 7 H), 2.25-2.45 (m, 2 
H), 1.60 (s, 3 H), 1.48(5,3 H). 

10 

Example 51 

Ph-rR or S^CrOmf CHj OHVrrOVATe-Pah X HCI and 
Ph-rS nr R^rrOmrCHpHVCfOVA7i!.Pab X HCI 

IS (i^ Ph-fR or S^r(Om(CH,OHVCrO^-A7.e-Pah x HCI 

Ph-(R or S)C(-0-C(CH3)2-O.CH2-)-C(0)-A2e-Pab x HOAc (0.060 g; 0.12mmol; 
compound 50 A from Example SO above) was dissolved in acetic acid (4 ml) and H2O (1 
ml) was added. The mixture was stiired at room temperature ovonight followed by stining 
at 90''C for 6 h. HCI (cone; 1 ml) was added and tbe mixture was stirred at room 

20 temperature for 5 minutes. The acetic acid and HCI were removed in vacuo in the presence 
of toluene and EtOH and the residue was dissolved in H2O (4 ml) and freeze dried. The 
crude product was subjected to preparative RPLC to give 9 mg (16%) of tbe title 
compound. 

25 LC-MSm/z 395(M- 1)*,397(M+1)* 

'H-NMR (400 MHz; CD3OD): 6 7.20-7.85 (m, 9 H), 3.90-4.70 (m, 5 H), 3.30-3.70 (m, 2 
H). 2.00-2.65 (m. 2 H) 



30 
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Phufi nr R^rfomfCHjOm-aovATg-Pab x HCi 

The title compound was prepared according to die method described in step (i) above from 
Ph-(S or R)C(-0-C(CH3)2-0-CH2-)-C(0)-Aze-Pab x HOAc (0.060 g; 0.12mmol; 
compound SOB from Example SO above) yielding 22 mg (40%). 

LC-MSm/z397(M + l)* 

'H-NMR (400 MHz; CD3OD): 5 7.20-7.8S (m, 9 H). 3.90-4.7S (m, 6 H). 3.S0-3.60 (m, 1 
H),2.10-2.S0(m,2H). 

Example S2 

Ph-nt nr Ry;r.O-Cf CH3 VO-CH; ;-vaOVPro-Pab x HQAc and 
Ph-rs or n\r(M:(CHj )^.o-CH j-vao\-?To-?ab x hoac 

(i) Ph-rB.^S^r^O-CfCHjVO-CHj-VaOVPro-PabfZ) 

The sub-title compound .was prepared according to-the -method described in Example 3(ii) 
above fiom Ph-<R,S)C(.0-C(CH3)2-0-CH2-)-C(0)OH (0.25 g; 1.12 mmol; see Example 
S0(i) above) yielding 0.19 g (32%). 

FAB-MS m/z 585 (M + 1)* 

'H-NMR (400 MHz; CDCI3): 5 7.20-7.95 (m, 14 H), 5.25 (s, 2 H), 5.10-5.20 (m, 1 H). 
4.32-4.70 (m, 3 H), 3.65-3.95 (m, 2 H), 3.00-3.25 (m, 1 H), 1.30-2.35 (m, 10 H). 

(ii) Ph.rR or S'tCr-O-CrCHj VO-CHj-VCfOVPro-Pab x HOAc and 
Ph-rS nr RV^r-O-CfCHj^^-O-CHj-VCrOVPrQ-Pab X HQAc 

The dtle compounds were prepared according to the method described in Example 50(iii) 
above from Ph-(R,S)C(-0-C(CHj)j-0-CH2-)-C(0)-Pn>-Pab(Z) (0.37 g; 0.63 mmol; from 
step (i) above). Some fractions were concentrated to give 120 mg of compound 52A with a 
diastereomeric ratio >99: 1 . Later fractions were concentrated to give 120 mg of compound 
52B with a diastereomeric ratio of 98:2. 
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Compound S2A: 
LC-MSiii/z451(M+l)* 

'H-NMR (400 MHz; CDjOD): 6 7.25-7.80 (m, 9 H), 4.35-5.05 (m, 4 H), 3.80-3.95 (m, 1 
H). 3.60-3.65 (m. 1 H). 3.00-3.10 (m, 1 H). 2.10-2.20 (m. 1 H), 1.75-1.90 (m, 3 H), 1.55 (s, 
3H),1.45(s. 3H). 
Compound 52B: 
LC-MSm/z451(M + l)* 

'H-NMR (400 MHz; CDjOD): 6 7.25-7.80 (m, 9 H). 4.40-5.10 (m. 4 H), 3.30-3.80 (m, 3 
H). 1.75-2.20 (m, 4 H), 1.50-1.55 (m, 6 H) 

Example 53 

Ph^ nr S'>rrnmrCH;tOm-CrOVPro-Pab x HCI and 

ph-rs nr R^^YnmfCHJom-crovPTo-Pab x HCl 

(i) Ph^ nr S^CfOtf>(CHjOm-CfOVPro-Pab x HCl 

The title compound was prepared according to the method described in Example 51(i) 
above from Ph-(R or S)C(-0-C(CH3)2-0-CH2->-C(0)-Pro-Pab x HOAc (0.060 g; 0.12 
mmol; compound 52A from Example 52 above) yielding 2 mg (2%). 

LC-MS m/z 409 (M - ly, 41 1 (M + 1)* 

' H-NMR (400 MHz; CDjOD): 6 7.20-7.85 (m, 9 H), 4.40-4.60 (m, 3 H), 4.05-4.30 (m, 1 
H), 2.95-3.90 (m. 3 H), 1.60-2.20 (m, 4 H). 

(ii) ph-fS nr R^rmmfrHjOffl-CrOVPro-Pab X HCl 

The title compound was prepared according to the method described in Example 5 l(i) 
above from Ph-(S or R)C(-0-C(CH3)2-<M:H2-)-C(0)-Pro-Pab x HOAc (0.060 g; 0.12 
mmol; compound 52B from Example 52 above) yielding 1 mg (1%). 

LC-MS m/z 409 (M - 1)". 41 1 (M + 1)* 
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•H-NMR (400 MHz; CD3OD): 6 725-7.85 (in,9 H), 4.40-4.65 (m, 3 H). 4.05-4.20 (m. 1 
H). 3.25-3.75 (m. 3 H). 1.40-220 (m. 4 H). 

Ryample 54 

5 Ph.nt v/MeVom -rfnypiQ-Pab x HCi 
n\ Ph^^^(M..vnHV^rovPrD.PabfZ> 

The sub-title compound was ptepaied according to the method described ir Example 3(ii) 
above from (RH->2-hydroxy-2-phenylpropionic acid (0.20 g; 1.2 mmol) and H-Pro- 
10 Pab(Z) X 2 HCI (0.50 g; 1 .1 mmol; see Example 35(ii) above) yielding 0. 13 g (22%). 

'H-NMR (500 MHz; CDCI3): 8 7.18-7.87 (m, 14 H), 525 (s, 2 H), 4.37-4.61 (m, 3 H), 
3.03-3.19 (m, 2 H), 1.50-2.17 (m, 7 H) 

IS ni^ Ph-rR^CrMe VOm-CfOVPro-Pab X HCI 

The title compound was prepared analogously to the method described in Example l(v) 
above from Ph-(R)C(Me)(OH)-C(0)-Pro-Pab(Z) (0.13 g; 0.25 mmol; from step (i) above) 
yielding 94 mg (89%). 

20 FAB-MS m/z 395 (M + 1 )* 

'H-NMR (500 MHz; DjO): 5 7.37-7.91 (m, 9 H), 4.33-4.61 (m, 3 H), 3.15-4.01 (m. 2 H), 
1.72-2.33 (m,7H) 

"C-NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 
176.06. 175.49, 174.88, 166.90 



2S 



30 
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Example 

Ph^S^fMeVOWVrrOVPm.Pah v HPl 

s The sub-title compound was prepared according to the method described in Example 3(ii) 
above fiom (SH+)-2-hydroxy-2-phenylpropionic acid (0,20 g; 1.2 mmol) and H-Pro- 
Pab(Z) X 2 HCI (0.50 g; 1.1 mmol; see Example 35(ii) above) yielding 0.19 g (33%). 

'H-NMR (500 MHz; CDClj): 5 7.20-7.77 (m, 14 H), 5.22 (s. 2 H), 4.53-4.58 (m. 1 H), 
10 4.32-4.44 (m, 2 H), 3.13-3.38 (m, 2 H), 1.53-2.04 (m, 7 H). 

fii^ Ph-rs^r/M«.vnHvrrn^Pm.Pah v uri 

The title compound was prepared according to the method described in Example l(v) 
above from Ph-(S)C(Me)(OH)-C(0)-Pro-Pab(Z) (0.12 g; 0.23 mmol; from step (i) above) 
IS yielding 80 mg (82%). 

FAB-MS m/z 395 (M + 1)* 

'H-NMR (500 MHz; DjO): 8 7.35-7.84 (m, 9 H), 4.47-4.63 (m, 3 H). 3.30-3.70 (m, 2 H). 
1.60-2.29 (m. 7 H). 

M "C-NMR (75.5 MHz; DjO; complicated due to rotamers) amidine and carbonyl carbons: 5 
175.58, 175.23, 174.79, 167.07. 



mPhf3.4-diFVmS^rH^nHVr/ OVPm.Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above fiom (R,S)-3,4-difluoromandeIic acid (0.20 g; 1.06 mmol) and H-Pro-Pab(Z) x 2 
HCI (0.53 g; 1.17 mmol; see Example 35(ii) above) yielding 445 mg (76%). 




is 



JO 
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LC-MS miz 549 (M - 1)*; 551 (M + I)* 

'H-NMR (400 MHz; CDClj): 8 6.98-7.74 (m, 12 H), 5.16-5.21 (m, 2 H). 5.06-5.01 (m, 1 
H), 4.22-4.56 (m, 3 H), 3.32-3.58 (m, 1 H), 2.88-3.12 (m, 1 H), 1.70-2.12 (m. 4 H). 



rin Phn 4^in-f R.sy:HroHvcrovi>ro-Pab x hci 

The title compound was prepared according to the method described in Example l(v) 
above fiom Ph(3,4-diFHR,S)CH(OH)-C(0)-Pro-Pab(Z) (0.175 g; 0.31 nunol; ftora step (i) 
above) yielding 127 mg (88%). 

LC-MS m/z 417 (M + 1)* 

'H-NMR (400 MHz; CDjOD): 5 7.1 1-7.86 (m. 7 H). 5.37 (s, 1 H), 4.36-5.00 (m, 4 H), 
3.66-3.78 (m, 1 H), 1.80-2.31 (m, 4 H) 

"C-NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 174.66, 174.40, 171.96, 171.82, 166.48. 



Example 57 

Ph-rR-tcHfom-r^nvrR s^Picr4-oxoVPab x hqac 
CO BQC-fR.S)Picf4-QXoVQCH3 

A mixture of Boc-(R,S)Pic(4-hydroxy)-OCH3 (1.1 g; 4.25 mmol; prepared according to 
Gillaid et a/., J. Org. Chem., (1996) 61, 2226), PCC (1.8 g; 8.5 mmol) and molecular 
sieves (powdered; 3 A; 1 .0 g) in CH2CI2 (20 ml) was stirred at room temperature for 4 h. 
Diethyl ether (60 ml) was added and the reaction mixture was filtered through a short silica 
gel column eluted with EtOAc:Hexane (1:1). The filtrate was eviqwrated yielding 1.0 g 
(92%) of the sub-title compound. 



FAB-MS m/2 258 (M + 1)* 

'H-NMR (500 MHz; CDCIj): 6 4.75-5.20 (m, 1 H), 3.55-4.15 (m, 5 H), 2.40-2.90 (m, 4 H). 
1.30-1.65 (m, 9 H) 
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(ii) H-mS^Picr4.oxoVOCH j 

Boc<R,S)Pic(4-oxo)-OCH3 (0.48g; 1.87 mmol; torn step (i) above) was treated with 
trifluoroacetic acid in CHjClj (50%, 4 ml) at room temperature for 30 minutes. The 
reaction mixture was evaporated and the residue was dissolved in CH2CI2, washed vn± 
5 Na2C0j/aq, dried (KjCOj) and evaporated. The yield of the sub-title compound was 0.23 
g(78%). 

'H-NMR (500 MHz; CDCI3): 6 3.65-3.80 (m. 4 H), 3.30-3.40 (m, 1 H), 2.90-3.00 (m, 1 H). 
2.30-2.70 (m, 4 H). 



(iti) Ph.nt^HroTBDMSvrrovrRS^Picf4-nynvnrHj 

The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from H-(R,S)Pic(4-oxo)-OCH3 (0.22 g; 1.4 mmol; from step (ii) above) and Ph- 
(R)CH(OTBDMS).C(0)OH (0.372 g; 1.4 mmol; prepared according to the method 
IS described in Hamada et al J. Am. Chem. Soc. (1989)111, 669) yielding 288 mg (51%). 

FAB-MS m/2406 (M + 1)* 

'H-NMR (500 MHz; CDCI3): 6 7.20-7.50 (m, 5 H), 5.25-5.70 (m, 2 H), 4.15-4.75 (m, IH). 
3.20-3.80 (m. 4 H), 2.00-2.90 (m. 3 H), 1.30-1.65 (m.1 H), 0.85-1.15 (m.9 H), 0.10-0.35 
20 (m, 6 H). 

riv^Ph-flt^CWOTBDMSVCrQWR.S^Picr4-nvn^^H 

A mixnire of Ph-(R)CH(OTBDMS)-C(0)-(R,S)Pic(4-oxo)-OCHj (0.28 g; 0.69 mmol; 
from step (iii) above) and a solution of lithium hydroxide (2 M, 10 ml) in THF (10 ml) was 
2S stiired at room temperature for IJh. The THF was removed /n voctM>, the residue was 
acidified (pH 2) with KHSO4 (2 M) and extracted with EtOAc. The organic layer was 
washed with HjO, dried (MgS04) and evaporated. The yield of the sub-title compound 
was 0.24 g (89%). 



to 



30 FAB-MS m/z 392 (M -I- 1)' 



wo 97/02284 



PCT/SE96/00878 



84 

'H-NMR (400 MHz; CDCI3): 6 7^0-7.55 (m, 5 H), 5.15-5.75 (m. 2 H), 4.10-4.30 (m, 1 H), 
3.20-3.80 (m. 1 H), 2.05-3.00 (m. 4 H), 1.35-1.55 (m, 1 H), 0.90-1.05 (m, 9 H), 0.10-0.25 
(m.6H) 

rv^Ph-rR^rWOTRDMS^-C(Q^-fR.S^Picf4.oxoVPabfZ^ 

The sub-title compound was prepared analogously to the method described in Example 
l(ii) above fiom Ph-(R)CH(OTBDMS)-C(OHR,S)Ptc(4-oxoH>H (0.227 g; 0.58 mmol; 
from step (iv) above) yielding 92 mg (24%). 

FAB-MS m/z 657 (M + 1)* 

'H-NMR (500 MHz; CDCI3): 6 6.90-7.90 (m, 14 H), 5.10-5.80 (m. 4 H), 3.60-4.70 (m, 3 
H), 2.10-3.20 (m, 4 H). 1.40-1.70 (m,l H), 0.80-1.10 (m. 9 H), 0.00-0.25 (m, 6 H). 

fvi^Ph-m^rHfOHvcrovrR.s^Picr4-oxoVPahr7.^ 

The sub-title compound was prepared analogously to the method described in step (ii) 
above from Ph-(R)CH(OTBDMS)-C(0)-(R,S)Pic(4-oxo>Pab(Z) (0.09 g; 0.14 mmol; from 
step (v) above) yielding 61 mg (82%). 

FAB-MS m/z 543 (M + 1)* 

'H-NMR (500 MHz; CDCI3): 6 6.95-7.90 (m, 14 H), 5.00-5.55 (m, 4 H), 3.95-4.70 (m, 2 
H), 3.20-3.70 (m, 2 H), 1.20-2.80 (m, 4 H) 

(vii) Ph-rR)CHfQH)-C(Q}-(R.S)Pic(4-oxo>-Pab x HOAc 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from Ph-(R)CH(OH>C(0)-<R,S)Pic(4-oxo)-Pab(Z) (0.061 g; 0.1 1 mmol; from step 
(vi) above) yielding 46 mg (90%). 

LC-MS m/z 407 (M - 1)"; 409 (M + 1)* 

'H-NMR (400 MHz; DjO): 6 7.20-7.85 (m, 9 H). 5.00-5.80 (m, 2 H), 4.35-4.55 (m, 2 H), 
3.40-4.05 (m, 2 H), 1.80-3.10 (m, 4 H) 



# 
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Example 58 

Ph-m^CHfQH^-rrOWR or S^ Picr4>methv1eneVPab x HOAc and 
Ph-mCHf Om- rrOWS or R^Picr4>methvleneVPab x HOAc 



s 



(W Roc-rR.S^Picr4.methvleneVQCH^ 

Metbyltriphenylphospbonium bromide (2.68 g; 7.S mmol) was dried under vacuum for 20 
minutes and was then suspended with dry THF (20 ml) at O^'C. Butyllithium .6 N in 
hexane; 4.7 mi; 7.S mmol) was added dropwise and the mixture was stirred at room 

10 temperature for 30 minutes. The reaction mixture was cooled to -78^C and Boc- 
(R,S)Pic(4-oxo)-OCH3 (1 .3 g; 5.0 nunol; see Example 57(i) above) was added. The 
reaction mixture was stirred at *78^C for 30 minutes followed by 2 h at room temperature. 
Ammoniimi chloride was added to the reaction mixture and after separation the H20-iayer 
was extracted twice with diethyl ether. The combined organic layer was dried and 

ts evaporated to give a crude product which-was purified by flash chromatography eluting 
with EtOAciHexane (30:70) to give 480 mg (37%) of the sub-title compound. 

FAB-MS m/z 256 (M+1)^ 

*H NMR (500 MHz; CDCI3): 5 4.70-5.10 (m, 3 H), 3.95-4.15 (m, 1 H), 3.70 (s, 3 H), 2.10- 
20 3.10 (m, 5 H), 1.35-1.60 (m, 9 H). 

(ii) H'{R.S)Pic(4-mgthylgncV(X:H3 

Boc-<R,S)Pic(4-methylene)-OCH3 (0.48 g; 1.88 mmol; from step (i) above) was treaied 
with trifluoroacetic acid (50% in CH2CI2, 6 ml) at room temperature for 40 minutes. The 
25 reaction mixture was evaporated and the residue was dissolved in CHjClj, washed with 
Na2C03 (saturated), dried (K2CO3) and evaporated. The yield of the sub-title compound 
was 0.27 g (95%). 



30 



'H-NMR (500 MHz; CDCI3): 5 4.70-4.85 (m, 2 H), 3.75 (m, 3 H), 3.35-3.45 (m, 1 H). 
3.15-3.25 (m, 1 H). 2.55-2.70 (m, 2 H). 2.10-2.30 (m, 3 H) 
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(iii) Ph^^rHrOTBDMSVrrOURSM>icr4.methvleneW^rHj 

The sub-title compound was prepared analogously to the method described in Example 

3(ii) above from Ph-(R)CH(OTBDMS)-C(0)OH (0.37 g; 1 .4 mmol; prepared accordmg to 

the method described in Hamada et td J. Am. Chem. Soc. (1989) 111, 669) and H- 

(R,S)Pic(4-methylene)-OCH3 (0.21 g; 1.4 mmol; from step (ii) above) yielding 0.283 g 

(52%). 

FAB-MS m/z 404 (M+1)* 

'H-NMR(500 MHz; CDCI3): 6 7.25-7.55 (m, 5 H), 5.15-5.70 (m. 2 H), 4.20-4.85 (m, 3 H), 
3.65-3.75 (m, 3 H), 1.90-3.20 (m, 5 H), 0.90-1.10 (m, 9 H), 0.10-0.30 (m, 6 H). 

riv^ Ph-ni>CHrOTBDMSVCrOWR.S^Pic/4.methvleneVQH 

The sub-title compound was prepared according to the method described in Example 57(iv) 
above from Ph-(R)CH(OTBDMS)-C(0)-<R,S)Pic(4-methylene)-OCH3 (0.28 g; 0.69 mmol; 
from step (iii) above) yielding 0.24 g (89%). 

FAB-MS m/z 390 (M+1)* 

'H-NMR (500 MHz; CDCl,): 6 7.15-7.50 (m, 5 H), 5.15-5.95 (m, 2 H), 3.55-5.00 (m, 3 H), 
1.75-3.25 (m, 5 H). 0.85-1.05 (m, 9 H), 0.10-0.25 (m. 6 H). 

rv^ Ph-fR^CHrOTBDMSVCrOWR.S^Picf4-methvleneVPahrZ^ 

The sub-title compound was prepared analogously to the method described in Example 

3(ii) above from Ph-(R)CH(0TBDMS)-C(0)-(R,S)Pic(4-methylene)-0H (0.235 g; 0.6 

mmol; from step (iv) above) and H-Pab(29 x HCl (0.21 1 g; 0.66 mmol) yielding 0.124 g 

(35%). 

FAB-MS m/z 655 (M+1)* 

'H-NMR (500 MHz; CDCIj): 5 7.10-7.90 (m. 14 H), 5. ; -.-5.70 (m. 4 H), 4.10-5.05 (m, 4 
H). 1.75-3.0S (m. 6 H). 0.80-1.10 (m. 9 H). 0.00-0.25 (m, 6 H). 
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M) Ph^^rHrOHVCrOWR S^Pir/4MnethvleneVPabfZ) 

The sub-title compound was prepared analogously to the method described in Example 
57(vi) above torn Ph-(R)CH(0'reDMSKX0HR.S)Pic(4-mcthylcne)-Pab(Z) (0.08 g; 
$ 0.12 ramol; fiom step (v) above) yielding 0.06 g (91%). 

LC-MSm/z541 (M+1)* 

'H-NMR (500 MHt; CD3OD): 8 7.15-7.90 (m. 14 H), 5.20-5.80 (m, 4 H), 435-4.90 (m, 4 
H), 3.70-4.15 (m, 1 H), 3.20-3.40 (m, 1 H), 1.10-2.90 (m, 4 H). 

10 

(vu) Ph.fltV^HrOHV rrffl.fR or S->Pier4MnethvleneVPab x HQAc and 

Ph-ntV-Hfflm-r-rOWS or R^PW4.methvleneVPab x HOAc 
A mixture of Ph-(R)CH(0H)-C(0)-(R,S)Pic(4-methylene>Pab(Z) (0.035 g; 0.065 mmol; 
fiom stq> (vi) above), ammonium acetate (0.50 g, 7.4 mmol) and imidazole (0.20 g; 3.0 
IS mmol) in methanol (5 ml) was stirred at 60°C overnight The reaction mixture was 
evaporated and the residue was subjected to preparative RPLC. Some fractions were 
concentrated to give 1 .8 mg of compound S8B. Later fractions were concentrated to give 7 
mg of compound 58A. 

20 Compound 58A: 

LC-MS m/z 405 (M - 1); 407 (M + I)* 

•H-NMR (400 MHz; D2O): 8 7.15-7.80 (m, 9 H), 5.65-5.70 (m, 1 H), 4.80-5.25 (m, 1 H). 
4.45-4.60 (m, 2 H), 3.60-4.00 (m, 2 H). 1.30-3.30 (m, 6 H). 
Q>mpound 58B: 
25 LC-MS m/z 407 (M + 1)* 

'H-NMR (400 MHz; DjO): 5 7.30-7.80 (m. 9 H), 5.45-5.75 (m, 1 H), 4.80-5.20 (m, 1 H), 
4.35-4.70 (m, 3 H). 3.75-3.90 (m, 1 H), 1.70-3.05 (m, 6 H) 



30 
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RYatnple ^9 

Phf3.ClWR.S^CHrQHVCrOVA7.e.Pah it HOAc 
m <Tt.SV1.nilommaiidelic add 

The sub-title compound was prepared according to the method described in Example lS(i) 
above from 3-chlorobenzaldehyde (7.03 g; SO mmol) yielding 2 g ^1%). 

LC-MS m/z 185 (M - 1)", 370 (2M - 1)* 

'HNMR (400 MHz; CDjOD): 6 7.28-7.51 (m,4H), 5.14(s. 1 H). 

ai^Phf3-ClWR.S^CHrOHVCrOVA7^.Pahr7.^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S>3-chloromandelic acid (0.149 g; 0.8 mmol; from step (i) above) yielding 
0.30 g (70%). 

'H-NMR (500 MHz; CDCI3): S 7.08-7.84 (m, 13 H), 5.18-5.24 (m, 2 H), 4.86-5.01 (m, 2 
H), 4.02^.56 (m. 3 H). 3.57-3.76 (m, 1 H), 2.30-2.72 (m, 2 H). 

(iii^ Phf3-ClWR.S^rWOHVrrn VA7.e.Pah X HOAc 

The title compound was prepared according to the method described in Example 43 above 
from Ph(3-Cl)-(R,S)CH(0H)-C(0)-Aze-Pab(Z) (0.10 g; 0.19 mmol; from step (ii) above) 
yielding 55 mg (63%). 

LC-MS m/z 399 (M • 1)*. 401 (M + 1)* 

'H-NMR (400 MHz; DjO): 5 7.10-7.85 (m, 8 H), 4.82-5.37 (m, 2 H), 3.96-4.79 (m, 4 H), 
2.14-2.85 (m, 2 H) 

"C NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 174.00, 173.17, 172.83, 172.61, 166.59. 
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F.xample60 

Phf3^-1.4.0HWR.S^CHrOHVaOVPro.Pah x HCI 

(i)Phn^i.4.om.rR.s^Hrnfn.rfflvPro.PahfZ^ 

The sul>>title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-chloro^hydroxymandeIic acid (0.2S g; 123 nunol) and H-Pro-Pab(Z) 
X 2 HCI (0.61 S g: 1 35 mmol; see Example 3501) above) yielding 382 mg (55%). 

LC-MSm/z564(M-iy 

'H-NMR (400 MHz; CDjOD): 6 6.80-7.85 (m, 12 H), 5.16-5.25 (m, 3 H), 4.35-4.51 (m, 3 
H), 3.45-3.75 (m, 1 H), 3.07-3.42 (m, 1 H), 1.72-2.18 (m. 4 H). 

'^C NMR (100.6 MHz; CD3OD; complicated due to diastereomers/rotamers) amidine and 
caibonyl carbons: 5 174.62. 174.27, 173.02. 172.88, 170.41. 165.04. 

rii^ Phn.r.l.4-OHVfR.S^CHm m-CfOVPro-Pab x HCI 

The title compound was prepared analogously to the method described in Example 43 
above from Ph(3-Cl,4-OH)-{R,S)CH(OH)-C(0)-PTO.Pab(Z) (0.10 g; 0.177 mmol; from 
step (i) above), trifluoroacetic acid (3.7 ml; 48 mmol) and thioanisole (1.04 ml; 8.85 mmol) 
yielding 57 mg (70%). 

LC-MSm/z431 (M + 1)* 

'H NMR (500 MHz; DjO: 6 6.84-7.86 (m. 7 H). 5.29-5.42 (m, 1 H), 4.30-4.68 (m, 3 H), 
3.05-4.05 (m, 2 H), 1.70-2.37 (m, 4 H). 

Example 61 

The tide compounds of Examples 1 to 60 were tested in Test A above and were all found to 
exhibit an IC50TT value of less than 0.3(iM. 
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aq= aqueous 

Aze - azetidine-2<arboxyUc acid 

5 Boc = tert-butyloxycarbonyl 

Bn= benzyl 

Bu== butyl 

Ch= cyclohexyl 

DCC = dicyclohexylcarbodiimide 

10 DIPEA = diisopropylethylamine 

DMAP = N,N-dimethylaminopyridine 

DMF = dimethylformamide 

EDC - l-(3^Iimethylaminopropyl)-3-ethylcarbodiiinide hydrochloride 

Et= ethyl 

15 EtOH= ethanol 

h= hours 

HCl = hydrochloric acid 

HOAc = acetic acid 

HOSu = N-hydroxysuccinimide 

20 H-Dig= l-amidino-3-aniinoethylazetidine 

H-Dig(25 = 3-anuiu)ethyl-l •<N-benzyloxycarbonylainidiiio)azetidine 

H-Hig - 1 •ainidino-3-aminoethylpyrTolidine 

H-Hig(Z) = 3-amiiioethyl- 1 -{N-benzyloxycarbonylamidino)pynolidine 

H-Pac = 1 <umdino-4-amiiK)methyIcyclohexajQe 

25 H-Pac(Z)= 4-aminomethyl-l-(N-ben^loxycarbonyIainidiiio)cyclohexane 

H-Pic = pipecolinic acid 

H-Pig = 1 -axmdino-3-aminoinethy Ipiperidine 

H-Pig(Z) = 3-aminomethyl-l-<N-ben2ylo)cycarbonylamidino)piperidine 

H*Pab = 1 -ainidino-4-anunoinethyIbenzBne 

30 H-Pab(Z)= 4-amixtomelhyl-lKN-ben2yloxycaibonylamidiix>)benzeiie 
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PCC - pyridinium chlorochromate 

HPLC - high perfonnance liquid chzomatography 

Me = methyl 

Ph = phenyl 

RPLC - reverse phase high performance liquid chromatography 

Su- succinimide 

TBDMS = tert-butyldimetfaylsilyl 

TBTU = [NJ4J^^-tetiamethyl-0-(benzotriazol-l-yl)uromum tetrafluoioboraie] 

THF'^ tetrahydrofuran 

THP= tetiahydropyranyl 

TMS= trimethylsilyl 

WSCI- water soluble carbodiimide 

Z = benzyloxycarbonyl 



Prefixes n, s, i and t have their usual meanings: nomial, iso, secondary and tertiary. The 
stereochemistry for the amixx> acids is by default (S) if not otherwise stated 
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Claims 

1 . A compound of formula I, 




wherein 

p and q independently represent 0, 1 , 2, 3 or 4; 

R* represents H, 2,3-epoxypropyl, Ci^ alkyl (which latter group is optionally substituted or 
temiinated by one or more hydroxy group), a structural fragment of formula la 




la 



wherein A* represents a single bond or Cm alkylene and R* represents H or Cj^ aUcyl, 
provided that there are no more than six carbon atoms in the chain R^-C-C-A\ or, when p 
represents 0, together with R^ represents a structural fragment of formula lb, 

CHj 
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wherein R' represents H or C,.3 alkyl; 

represents H, Si(Me)3, naphthyl, indolyl, CHR^'R^ or C,^ alkyl (vWch latter group is 
optionally substituted or terminated by one or more fluorine or hydroxy group) or C34 
cycloalkyl or phenyl (which latter two groiq>s are optionally substituted by one or more of 
Cm alkyl. Cm alkoxy, halo, hydroxy, cyano, nitio, mcthylenedioxy, trifluoromethyl. 
N(H)R^, C(0)OR^* ), or, when p represents 0, together with R^ represents a structural 
fragment of formula lb; 

R^ represents H, Si(Me)3, naphthyl, indolyl, CHR^R^ or C|^ alkyl (^ch latter group is 
optionally substituted or terminated by one or more fluorine or hydroxy groi^) or C34 
cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 
Cm alkyl Cm alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, trifluoromethyl, 
N(H)R"orC(0)OR^; 

R^\ R^, R^ and R^ independently represent cyclohexyl or phenyl; 
r" and R^^ independently represent H, Cm alkyl or C(0)R^; 
R^^, R^* and R^ independently represent H or Cm alkyl; 

R^ represents H or Cj^ alkyl; 

Y represents C1.3 alkylene optionally substituted by Cm alkyl, hydroxy, methylene or 0x0; 
n represents 0, 1 , 2, 3 or 4; and 

B represents a structural fragment of formula IVa. IVb or IVc 
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herein 

represents H, halo or Ci^ alkyl; and 

and independently represent a single bond or CHj; 

5 provided that when R\ and R^ all represent H, p represents 0» Y represents (CH^, n 
represents 1 and: 

(a) R^ represents xmsubstituted phenyl and:- 

(i) B represents a structural fiagment of formula IVa and R^ represents H, then q does 
not represent 0 or 1 ; and 
10 (ii) B represents a structural fragment of formula IVb and X' and X^ both represent 
CH2, then q does not rq)resent 0; and 

(b) R^ represents unsubstituted cyclohexyl, B represents a structural fragment of formula 
rVa and R' represents H, then q does not represent 0; 

IS or a pharmaceutically acceptable salt thereof 

2. A compound as claimed in claim 1 ^^erein n represents 1 when B represents a structural 
fragment of formula IVa, IVc or IVb in which latter fragment X* and X^ both represent 
CHj, 

20 

3. A compound as claimed in claim 1 herein n represents 2 when B represents a structural 
fragment of formula IVb in which fragment X^ represents a single bond and X^ represents 
either a single bond or CHj. 

25 4. A compound as claimed in claim 1 or claim 2 wherein R^ represents H wheri B represents 
a structural fragment of formula IVa. 

S. A compound as claimed in any one of claims I to 4 wherein R^ represents H. 



50 6. A compound as claimed in any one of claims 1 to 5 wherein p represents 0. 
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7. A compound as claimed in any one of claims 1 to 6 M^erein Y represents CH2, (CH^ 
(CH2)3, CH2CH(CH3)CH2, CH2C(=0)CH2or CH2C(=CH2)CH2. 

8. A compound as claimed in claim 7 wherein Y represents CHj, {CH:^ or 
CH2C(=CH2)CH2. 

9. A compound as claimed in any one of claims 1 to 8 wherein represents H, methyl, 23- 
dihydroxypropyl or (2,2-dimethyl-13-dioxalan-4-yl)methyl. 

10. A compoimd as claimed in claim 9 wherein represents H. 

1 1. A compound as claimed in any one of claims 1 to 10 wherein q represents 0, 1 or 2. 

12. A compound as claimed in claim 1 1 ^^erein q represents 0. 

13. A compound as claimed m any one of claims 1 to 12 herein R^ represents H, optionally 
substituted allcyl or optionally substituted phenyl. 

14. A compound as claimed in claim 13 ^^e^ein, when R^ represents optionally substituted 
Cj^alkyl, the optional substituent is hydroxy. 

1 5. A compound as claimed in claim 14 wherein when the hydroxy group is attached to the 
carbon atom which is a to the carbon atom to which OR^ is attached. 

16. A compound as claimed in claim 13 \^*erein R^ represents H, methyl, hydroxymethyl or 



ethyl. 



17. A compound as claimed in any one of claims 1 to 16 wherein R represents 
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C,^ aUcyl, naphthyl, indolyl, optionally substituted cyclohcxyl or optionally substituted 
phenyl. 

18. A compound as claimed in claim 17 \^*erein represents optionally substituted phenyl 
or optionally substituted cyclohexyl. 

19. A compound as claimed in any one of claims 1 to 18 wherein Y represents CHj or 
CH2C(=CH2)CH2 when R' and R^ both represent H, R^ represents unsubstitutcd phenyl or 
unsubstituted cyclohexyl and q represents 0 or 1. 

20. A compound as claimed m any one of claims 1 to 1 8 wherein R^ represents methyl, 
hydroxymetiiyl or ethyl vAxen R* represents H. R^ represents unsubstituted phenyl or 
unsubstituted cyclohexyl and q represents 0 or 1 . 

21 . A compound as claimed in any one of claims 1 to 20 wherein R^ is substituted by one or 
more of hydroxy, fluoro, chloro, methyl, metiioxy. amino, nitro, trifluoromethyl, 
methylenedioxy, ethoxy or propoxy, when it represents optionally substituted phenyl or 
optionally substituted cyclohexyl . 

22. A compound as claimed in claim 21 wherem R' is substituted by one or more of 
hydroxy, mono- or difluoro, chloro, methyl, metiioxy or methylenedioxy. 

23. A compound as claimed in any one of claims 1 to 22 wherein Y represents CH2. 

24. A compound as claimed in any one of claims 1 to 23 whereb B represents a structural 
fragment of formula IVa. 

25. A compound as claimed in any one of claims I to 24 wherein flie a-amino acid carbon in 
the fragment 
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is in the S-configuration. 

26. A compound as claimed in any one of claims 1 to 25 wherein, when R' and both 
5 represent H and p represents 0, the a-carbon in the fiagment 

O 




is in the R-configuration. 

27. A compound as claimed in claim I wUch is: 
10 Ch-(R,SX:H(OH)-C(0).Aze.Pab; 

Ch-<R)CH(OH)-C(0)-Aze-Pab; 

Ph.(R)CH(0H)-C(0>A2e-Pab: 

Ph(3-MeHR,S)CH(OH>C(0)-A2e.Pab; 

Ph(3-0MeHR,S)CH(0H>C(0>Aze-Pab; 
IS Ph(3,5-diOMe)-(R,S)CH(OH>C(0>Aze-Pab: 

Ph(3-OMe.4-OHHR.S)CH(OH)-C(0)-A2c-Pab; 

Ph-(R,S)C(EtX0HK(0>A2e-Pab; 

Ph-(R.S)C(EtXOH>C(0>P«)-Pab; 

(Ph)2C(OH)-C(0).A2e.Pab; 
JO Ph(3-0Me,4OHHR,S)CH(0H)-C(0)-Pro-Pab; 
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Ph-(R)CH(0H>C(0>A2e-Pac; 

Ph-(R)CH(OH)-C(0)- (R,S)Pic(c«-4-Me)-Pab; 

Ph(3.4-(-0-CHrO-)HR,S)CH(OH)-C(0>Aze-Pab; 

Ph(3-0MeHR,S)CH(0H>.C(0)-Pio-Pab; 
5 Ph(3.5-diOMeHR,S)CH(OH)-C(0)-Pro-Pab; 

Ph-(R,S)C(MeXOH)-C(0>Aze-Pab; 

Ph(3,5-diMcHR.S)CH(OH).C(0)-Aze-Pab; 

Ph(3-NH2HR,S)CH(OH)-C(0)-A2e-Pab; 

Ph(3-NH2HR,S)CH(OHHXO)-Pio-Pab; 
10 Ph(3-N02HR,S)CH(OH>C(0)-Pro-Pab; 

Ph(3.4-(.0-CH2-0-)HR.S)CH(OH)-C(O)-Pro-Pab; 

Pb(3,5-diFHR.S)CH(OH)-C(0>Pro-Pab; 

Ph-(R)CH(0-CH2-(R,S)CH(.0-C(CH3)2-O.CH2-))-C(0)-Aze-Pab; 

Ph-(R)C(MeXOH>C(0)-Pro-Pab; 
IS Ph-(S)C(MeXOH)-C(0)-Pro-Pab; 

Ph(3,4-diF)-(R,S)CH(OH)-C(0)-Pro-Pab; 

Ph-(R)CH(0H)-C(0HR,S)Pic(4-methylene)-Pab; 

Ph(3-Cl)-(R,S)CH(OH>-C(0)-A2e-Pab; 

Ph<R.S)C(-0-C(CH3)2-0-CH2-)-C(0)-A2e-Pab; 
20 Ph-(R,S)C(-0-C(CHj)2-0-CH2-)-C(0)-Pio-Pab; 

Ph-(R,S)C(CH20H)(0H)-C(0)-Aze-Pab; or 

Ph-(R,S)C(CH20H)(0H)-C(0)-Pio-Pab. 

28. A pharmaceutical formulation including a compound as defined in any one of claims 1 to 
25 27, or a pharmaceutically-acceptable salt thereof, in admixture with a phannaceutically- 
acceptable adjuvant, diluent or carrier. 



29. A compound as defined in any one of claims 1 to 27, or a pharmaccutically-accqrtablc 
salt thereof, for use as a pharmaceutical. 

30 



wo 97/02284 



99 



PCT/SE96/00878 



30. A compound as defined in any one of claims 1 lo 27, or a pharmaceutically-acceptable 
salt thereof, for use in the treatment of a condition where inhibition of thrombin is required. 

3 1 . A compound as defined in any one of claims 1 to 27, or a phannaceuticaily acceptable 
salt thereof, for use in the treatment of thrombosis. 

32. A compound as defined in any one of claims 1 to 27, or a pharmaceutically acceptable 
salt thereof, for use as an anticoagulant. 

33. The use of a compound as defined in any of one claims 1 to 27, or a pharmaceutically 
acceptable salt thereof, as active ingredient in the manufacture of a medicament for the 
treatment of a condition where inhibition of thrombin is required. 

34. Use as claimed in claim 33, wherein the condition is thrombosis. 

35. Use of a compound as defined in one any of claims 1 to 27, or a pharmaceutically 
acceptable salt thereof, as active ingredient in the manufacture of an anticoagulant. 

36. A method of treatment of a condition where inhibition of thrombin is required vMch 
method comprises administration of a therapeutically effective amount of a compound as 
defined in any one of claims 1 to 27, or a pharmaceudcally acceptable salt thereof, to a person 
suffering from, or susceptible to, such a condition. 

37. A method as claimed in claim 36, wherein the condition is thrombosis. 

38. A method as claimed in claim 36, wherein the condition is hypercoagulability in blood 
and tissues. 
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39. A process for the preparation of a compound as defined in claim 1 ^^ch process 
comprises: 

(a) the coupling of a compound of formula V, 

O 




H 

(CHJp (CHJ, 

wherein p, q, R*, and R^ are as defined in claim 1 with a compound of formula VI, 
R* 



H-N Y 



VI 




wherein R*. Y, n and B are as defined in claim 1; or 
(b) the coupling of a compoimd of formula VII, 

O 

'N Y 




X 




VII 



wherein p, q, R\ R^, R'. R* and Y are as defined in claim I with a compound of formula 

vm, 

H2N-(CH2)o-B Vm 
wherein n and B are as defined in claim 1 . 
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40. A compound of fonnula XIV, 




A 



(CHj)p (CHj), 




XIV 



(CHJ, 



— B' 



v^lierein B* represents a stnictuial fiagment of foimula IVd, IVc or IVf 





IVd IVe IVf 

and independentiy represent H or benzyloxycarbonyl and p, q, R*, R^, R^, R\ Y, n, R^. 
X' and are as defined in claim 1 , provided that D' and do not both represent H. 
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1 

New thrombin inhibitors, their preparation and use 
Field of the Invention 

This invention relates to novel phannaceutically useful compounds, in particular competitive 
inhibitors of trypsin-Iike serine proteases, especially thrombin, their use as medicamoits, 
pharmaceutical compositions containing them and synthetic routes to their production. 

Background 

Blood coagulation is the key process involved in both haemostasis (i.e. the prevention of 
blood loss from a damaged vessel) and thrombosis (i.e. the formation of a blood clot in a 
blood vessel or in the heart, sometimes leading to vessel obstruction). 

Coagulation is the result of a complex series of enzymatic reactions. One of the ultimate steps 
in this series of reactions is the conversion of the proenzyme prothrombin to the active 
enzyme thrombia 

Thrombin is known to play a central role in coagulation. It activates platelets, leading to 
platelet aggregation, converts fibrinogen into fibrin monomers, which polymerise 
spontaneously into fibrin polymers, and activates factor XIII, vAnch in nim crosslinks the 
polymers to form insoluble fibrin. Furthermore, thrombin activates factor V and factor VIII 
leading to a "positive feedback" generation of thrombin fiom prothrombiiL 

By inhibiting the aggregation of platelets and the formation and crosslinking of fibril:, 
efifective inhibitors of thrombin would therefore be e}qpected to exhibit antithrombotic 
activity. In addition, antithrombotic activity would be expected to be enhanced by effective 
inhibition of the positive feedback mechanism. 
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Prior Art 



The development of low molecular weight inhibitors of thrombin has been described by 



Claesson in Blood Coagul. Fibrinol. (1994) 5» 41 1 . 

BlombSck et al. (J. Clin. Lab. Invest. 24, suppl. 107, 59, (1969)) reported thrombin inhibitors 
based on the amino acid sequence situated around the cleavage site for the fibrinogen Aa 
chain. Of the amino acid sequences discussed, these authors suggested the sequence Phe-Val- 
Arg (P9-P2-P1, hereinafter referred to as the P3-P2-P1 sequence) would be the most effective 
inhibitor (for a classification of substrate specificity see Schechten and Bergen, Biophys. Res. 
Commun. (1967) 27, 157 and (1968) 32, 898). 

Thrombin inhibitors based on dipeptidyl derivatives with an a,©-aminoalkyl guanidine in the 
PI -position are known from US Patent 4,346,078 and International Patent Application 
WO 93/1 11 52. Similar, structurally related, dipeptidyl derivatives have also been reported. 
For example International Patent Application WO 94/29336 discloses compounds with, for 
example, aminomethyl benzamidines, cyclic aminoalkyl amidines and cyclic aminoallcyl 
guanidines in the PI -position; European Patent Application 0 648 780, discloses compounds 
with, for example, cyclic aminoalkyl guanidines in the Pl-positioiL 

Thrombin inhibitors based on peptidyl derivatives, also having cyclic aminoalkyl guanidines 
(e.g. either 3- or 4- aminomethyl-l-amidinopiperidine) in the Pl-position, are known from 
European Patent Applications 0 468 231, 0 559 046 and 0 641 779. 

Thrombin inhibitors based on tripeptidyl derivatives with arginine aldehyde in the PI- 
position were first disclosed in European Patent Application 0 1 85 390. 



More recently, arginine aldehyde-based peptidyl derivatives, modified in the P3-position, 
have been reported For example. International Patent A. ilication WO 93/1 8060 discloses 
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hydroxy acids. European Patent Application 0 526 877 des-amino acids, and European Patent 
Application 0 542 525 Omethyl mandelic acids in the P3-position. 

Inhibitors of serine proteases (e.g. thrombin) based on electrophilic ketones in the Pl-position 
are ako known. For example, European Patent Application 0 195 212 discloses peptidyl a- 
keto esters and amides, European Patent Application 0 362 002 fluoroalkylamide ketones, 
European Patent Application 0 364 344 a,p,5-triketocompounds, and European Patent 
Application 0 530 167 a-alkoxy ketone derivatives of arginine in the Pl-position. 

Other, stnicturally diflferent, inhibitors of tiypsin-like serine proteases based on C-terminal 
boronic acid derivatives of arginine and isothiouronium analogues thereof are known from 
European Patent Application 0 293 88 1 . 

More recently, thrombin inhibitors based on tripeptidyl derivatives have been disclosed in 
European Patent Applications 0 669 3 1 7, 0 686 642 and 0 648 780 and International Patent 
Applications WO 95/35309, WO 95/23609 and WO 94/29336. 

However, there remains a need for effective inhibitors of trypsin-like serine proteases, such as 
thrombiiL There is a particular need for compounds which are both orally bioavailable and 
selective in inhibiting thrombin over other serine proteases. Compounds vAnch exhibit 
competitive inhibitory activity towards thrombin would be expected to be especially useful as 
anticoagulants and therefore useful in the therapeutic treatment of thrombosis and related 
disorders. 
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Disclosure of the Invention 



According to the invention there is provided a compound of formula I, 




(CH2)p (CHa), T 
wherein 

p and q independently represent 0, 1, 2, 3 or 4; 

represents H, 23-epoxypropyl, aikyl (which latter group is optionally substituted or 
terminated by one or more hydroxy group), a stmctural fragment of formula la 




la 



Mlierein A* represents a single bond or Cj^ alkylene and R'' represents H or alkyl, 
provided that there are no more than six carbon atoms in the chain R'-C-C*a\ or. when p 
represents 0, together with R^ represents a structural fragment of formula lb, 

9"3 
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mActcui represents H or C1.3 alkyl; 

represents H, Si(Me)3, naphthyl indolyl, CHR^'R^ or C,^ alkyl (which latter group is 
optionally substituted or terminated by one or more fluorine or hydroxy group) or 
cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 
5 alkyl, Cm alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, trifluoromethyl, 
N(H)R^, C(0)OR^* ), or, when p represents 0» together with R* represents a structural 
fragment of formula lb; 

R^ represents H, Si(Me)3, n^hthyl, indolyl, CHR^R^* or alkyl (which latter group is 

optionally substituted or terminated by one or more fluorine or hydroxy group) or Cj^ 
10 cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 

Cm alkyl, C,^ alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, trifluoromethyl, 

N(H)R^' orC(0)OR^; 

R^, R^ and R^ independently represent cyclohexyl or phenyl; 

R^ and r" independently represent H, C,^ alkyl or C(0)R^; 
15 R^^, R^* and R^ independently represent H or C^ alkyl; 

R^ represents H or C,^ alkyl; 

Y represents C1.3 alkylene optionally substituted by Cm alkyl, hydroxy, methylene or 0x0; 
20 n represents 0, 1,2, 3 or 4; and 

ft 

B represents a structural fragment of foimula IVa, FVb or IVc 




IVa IVb IVc 
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represents H, halo or C|^ allcyl; and 

and independently represent a single bond or CH2; 

3 provided that when R^ and R^ all represent H, p represents 0, Y represents (CU^, n 
represents 1 and: 

(a) R^ represents unsubstituted phenyl and:- 

(i) B represents a structural fragment of formula IVa and R^ represents H, then p does 
not represent 0 or 1; and 
10 (il) B represents a stnictural fragment of formula IVb and X' and X^ both represent 
CH2» then q does not represent 0; and 

(b) R^ represents unsubstituted cyclohexyl, B represents a structural fragment of fonnula 
rVa and R^ represents H, then q does not represent 0; 

IS or a phannaceuticaily acceptable salt thereof (hereinafter referred to as ^e compounds of the 
invention*'). 

The compounds of the invention may exhibit tautomerism. All tautomeric forms and 
mixtures thereof are included within the scope of the invention. 

20 

The compounds of the invention may also contain one or more asymmetric carbon atoms and 
may therefore exhibit optical and/or diastereoisomerism. All diastereoisomers may be 
separated using conventional techniques, e.g. chromatography or fractional ciystallisation. 
The various stereoisomers may be isolated by separation of a racemic or other mixture of the 

25 compounds using conventional, e.g. fractional ciystallisation or HPLC, techniques. 
Alternatively the desired optical isomers may be made by reaction of the tqipropriate 
optically active starting materials under conditions which will not cause racemisation or 
epimerisatiofi, or by derivatisation, for example with a bomochiral acid followed by 
separation of the diastereomeric esters by conventional means (e.g. HPLC, chromatography 

30 over silica). All stereoisomers are included, within the scope of the invention. 
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AlkyI groups which R*. R*, R^ k\ R^ K\ R^ R^. v}\ R^ and R^ may represent and 
\Aich R\ R^ and Y may be substituted by; cycloalkyi groups which R^ and R^ may 
represent; and alkoxy groiq)S v^ch R^ and R^ may be substituted by may be linear or 
s branched, saturated or unsaturated. Aikylene groups ^ch a' and Y may represent may be 
saturated or imsaturated. 

Halo groups which R^ may represent and which R^ and R^ may be substituted by include 
fluoro, chloro, bromo and iodo. 

10 

The wavy lines on the carbon atom in the fragments of formulae la, lb, IVa, IVb and IVc 
signify the bond position of the fragment. 

Abbreviations are listed at the end of this specification. 

15 

When B represents a structural fragment of fonnula IVa, IVc or IVb in which latter 
fragment X* and both represent CH2, preferred compounds of the invention include those 
wherein n represents 1. 

20 When B represents a structural fragment of formula IVb in which X* represents a single 
bond and X^ represents either a single bond or CHj, preferred compounds of the invention 
include those wherein n represents 2. 

When B represents a structural fragment of formula IVa, preferred compounds of the 
25 invention include those wherein R^ represents H. 

Preferred compounds of formula I include those wherein: 

R* represents H, methyl, 2,3-dihydrDxypropyl or (2,2-dimethyl-U-<lioxaian-4-yl)methyl; 
p represents 0; 

30 R^ repr e s ents H, optionally substituted Ct^ alkyl, or eptionally substituted phenyl; 
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q represents 0, 1 or 2; 

represents Ci^ alkyl, naphthyl, indolyl, optionally substituted cyclohexyl or optionally 
substituted phenyl; 

Y represents CHj, (CH^, (CH^, CHjCHCCHjK^Hj. CH2C(=0)CH2 or CH2C(=CH2)CH2; 
represents H. 

When R^ represents C|^ alkyl, preferred optional substituents include hydroxy. Preferred 
points of attachment for the hydroxy group include the carbon atom which is a to the 
carbon atom to which OR* is attached. 

More preferred compounds of the invention include those wherein: 
R' represents H; 

R^ represents H, methyl, hydroxymethyl or ethyl; 
q represents 0; 

R^ represents optionally substituted phenyl or optionally substituted cyclohexyl; 

Y represents CHj, (CH^ or CH2C(=CH2)CH2; 

When R' and R^ both represent H, R^ represents unsubstituted phenyl or unsubstituted 
cyclohexyl and q represents 0 or 1, preferred compounds of the invention include those 
vrtierein Y represents CH2 or CH2C(=CH2)CH2. 

When R* represents H, R^ represents unsubstituted phenyl or unsubstituted cyclohexyl and 
q represents 0 or 1, preferred compounds of the invention include those wherein R^ 
represents methyl, hydroxymethyl or ethyl 

When R^ represents cyclohexyl or phenyl, preferred optional substituents include hydroxy, 
fluoro, chloro, methyt methoxy, amino, nitro, tiifluoromethyl, methylenedioxy, ethoxy and 
propoxy. Particular substituents include hydroxy, mono- or difluoro, cfaloro, methyl, 
methoxy and methylenedioxy. 
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Particularly preferred compounds of the invention include those v^erein 
Y represents CH2; 

B represents a structural fragment of formula IVa. 
5 Compounds of the invention in which the a-amino acid carbon in the fragment 




is in the S-configuration are preferred. The wavy lines on the nitrogen and carbon atom in 
the above fragment signify the bond position of the fragment 

to When and both represent H and p represents 0, preferred compounds of the invention 
are those in which the a-carbon in the fragment 

O 

HOs 




is in the R-configuration. The wavy line on the caibon atom in the above fiagment signifies 
the bond position of the fragment 

IS 

Preferred compounds of the invention include: 
Ch-(R,S)CH(OH>C(0)-Aze-Pab; 
QKR)CH(OHHXO)-Aze-Pab; 
Pb<RX:H(0H>C(0)-A2B-Pab; 
20 Ph(34^eKR^)CH(OHK:(0)-Aze.nd>; 
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Ph(3-0Me)-(R,S)CH(0H)-C(0)-Aze-Pab; 

Ph(3,5-diOMe)-(R,S)CH(OH)-C(0)-A2e-Pab; 

Ph(3-OMe,4.0HHR.S)CH(OH>C(0>Aze-Pab; 

Ph^S)C(EtX0H>C(0>A2e.Pab; 

Ph-(R,S)C(EtXOH)-C(0>Pn>-Pab; 

(Ph)2C(OH)-C(0)-A2e-Pab; 

Ph(3-OMe,4-OHHR,S)CH(OH)-C(0)-Pio-Pab; 

Ph-(R)CH(OH)-C(0>Aze.Pac; 

Ph-(R)CH(OH)-C(0)- (R,S)Pic(cK-4-Me)-Pab; 

Ph(3,4-<-0-CH2-0-)HR,S)CH(OH)-C(0)-A2e-Pab; 

Ph(3-0Me)-(R,S)CH(0HHX0)-Pro-Pab; 

Ph(3,5-diOMe)-(R,S)CH(OH)-C(0)-Pro-Pab; 

Ph-(R,S)C(MeXOH)-C(0)-Aze.Pab; 

Ph(3,5-diMcHR,S)CH(OH)-C(0)-Aze.Pab; 

Ph(3-NH2HR,S)CH(OH)-C(0)-Aze-Pab; 

Ph(3-NH2)-(R,S)CH(OH)-C(0>Pro-Pab; 

Ph(3-N02)-{R3)CH(OHH:(0)-Pro-Pab; 

Ph(3.4-(-0-CH2-0-)HR,S)CH{OHK(0)-Pro-Pab; 

Ph(3.5-diF)-(R,S)CH(OHHXO>Pn>-Pab; 

Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CHj)2-0-CH2-)>C(0>A2c-Pab; 

Ph-(R)C(MeXOH)-C(0>Pro-Pab; 

Ph-(S)C(MeX0H)-C(0).PTO-Pab; 

Ph(3,4-diFHR,S)CH(OH)-C(0>Pro.Pab; 

Ph-(R)CH(0H)-C(0HR,S)Pic(4-methylene)-Pab; 

Ph(3-C1HR,S)CH(0H)-C(0)-Aze-Pab; 

Ph-(R.S)C(-0-C(CH3)2-0-CH2-)-C(0)-Aze-Pab; 

Ph-(R,S)C(-0-C(CH3)2-0-CH2-)-C(0)-Pro-Pab; 

Ph^)C(CH20HXOH)-C(0>A2e-Pab; and 

Pb-(R,S)C(CH20H)(OH>C(0).Pro-Pab. 
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II 

Preparation 

According to the invention there is also provided a process for the preparalion of compounds 
of formula I which comprises: 

(a) the coupling of a compound of formula V, 

O 




H 

(CH^ (CHJ, 
iz Is 



R" R 



wherein p, q» R » R andR are as hereinbefore defined with a compound of fonnula VI, 



H— VI 
'{CHJ— B 



O 




wherein R*, Y, n and B are as hereinbefore defined; or 



(b) the coupling of a compound of fonnula VII, 
o 

R'C 





VII 



A 

(Crijp (CHJ, 

^ OH 
wherein p, q, R', R\ R^, R* and Y are as hereinbefore defined widi a compound of formula 

vra, 

HiNKCHaXi-B Vm 
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wherein n and B are as hereinbefore deiGned; 

for example in the presence of a coupling system (e.g. oxalyl chloride in DMF, EDC, DCC or 
TBTU), an appropriate base (e.g. pyridine, DMAP or DIPEA) and a suitable organic solvent 
s (e.g. dichloromethane, acetonitrile or DMF). 

Conqx)unds of formula V are either commercially available* are well known in the literature, 
or are available using known techniques. 

10 For example, compounds of fomiula V wherein and both represent H, p and q both 
represent 0 and R^ represents naphthyl or phenyl optionally substituted by one or more of 
Cm aO^lf alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, trifluoromethyl, 
N(H)R" or C(0)OR^ may be prepared by reaction of an aldehyde of fonnula K, 

R^'CHO DC 

15 herein R^' represents naphthyl or phenyl optionally substituted by one or more of C|^ 
alkyl, Ci^ alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, trifluoromethyl, N(H)R^^ 
or C(0)OR^* and R" and R^ are as hereinbefore defined, with: 

(i) a compound of formula X, 

20 R-CN X 

wherein R" represents H or (CH3)3Si, for example at elevated temperature (e.g. above room 
temperature but below lOO^C) in the presence of a suitable organic solvent (e.g. 
chloroform) and, if necessary, in the presence of a suitable catalyst system (e.g. 
benzylammonium chloride), followed by hydrolysis in the presence of an appropriate base 

25 (e.g. NaOH); 

(ii) chlorofoim, for example at elevated temperature (e.g. above room temperature but 
below lOO^C) in the presence of a suitable organic solvent (e.g. chloroform) and, if 
necessary, in the presence of a suitable catalyst syste (e.g. benzylanmionium chloride), 

30 followed by hydrolysis in the presence of an i^>propriate base (e.g. NaOH); 
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(iii) a compound of fonnula XI, 



wlierein M represents Mg or Li, followed by oxidative cleavage (e.g. ozonolysis or osmium 
or ruthenium catalysed) under conditions which are well known to those skilled in the art; or 

(iv) tiis(methylthio)methane under conditions which are well known to those skilled in the 
ait, followed by hydrolysis in the presence of an ^propriate base. 

Compounds of formula V wherein R* represents H, represents CH2OH, p and q both 
represent 0 and R^ represents naphthyl or phenyl optionally substituted by one or more of 
Cm alkyl, Ci^ alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, trifluoromethyl, 
N(H)R" or C(0)0R" may be prepared by reaction of a compound of formula XII, 



wherein R * is as hereinbefore defined with sodium hypochlorite for example at room 
temperature in the presence of a suitable solvent (e.g. water). 

Compounds of formula VI and VII are either commercially available, are well known in the 
literature, or are available using known techniques. For example compounds of formula VI 
may be made by standard peptide coupling of a compound of fomaula Xm, 



wherein R and Y are as hereinbefore defined with a coiq^oimd of formula Vin as 
hereinbefore defined for example under conditions such as those described hereinbefore for 
synthesis of compounds of formula I. Similarly compound of formula Vn may also be 



R^*C(0)C2H5 



xn 



H— N 




Xlil 
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made by standard pqitide coupling of a compound of formula Xm as hereinbefore defined 
with a compound of fonnula V as hereinbefore defined for example under conditions such 
as those described hereinbefore for synthesis of compounds of fomiula I. 

Compounds of fonnula VIII, IX, X, XI, XII and XUI are either commercially available, are 
well known in the literature, or are available using known techniques. Substituents on the 
phenyl group in compounds of formula V, Vn, DC and XH may be interconveited by 
techniques well known to those skilled in the art ■ 

The compounds of the invention may be isolated fiom their reaction mixtures using 
conventional techniques. 

It will be appreciated by those skilled in the art that in the process described above the 
functional groups of intermediate compounds may need to be protected by protecting groups. 

Functional groups wiiich it is desirable to protect include hydroxy, amino, amidino, 
guanidino and carboxylic acid Suitable protecting groups for hydroxy include trialkylsilyl 
and diaxylalkylsilyl groups (e.g. /errt)utyldimethylsilyl, /er/butyldiphenylsilyl or 
trimethylsilyl) and tetrahydiopyranyl. Suitable protecting groiq)s for hydroxy groups, vAdch 
groiq>s are attached to adjacent carbon atoms include 0,0'-isopropylidene. Suitable 
protecting groups for amino, amidino and guanidino include rerrt)utyloxycarbonyl or 
benzyloxycarbonyl. Amidino and guanidino nitrogens may be either mono- or diprotected. 
Suitable protecting ffoups for carboxylic acid include Ci^ alkyl or benzyl esters. 

The protection and dqmtection of fimcdonal groups may take place before or after coupling. 

In particular, the compounds of the invention may be prepared by processes comprising the 
coiq)ling of an N-acylated amino acid or an N-protected amino acid. When an N-protected 
amino acid is used the acyl group may be added after coupling and deprotection of the 
nitrogen atom may then be eflfected using standard methods thereafter. 
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Protecting groups may be removed in accordance with techniques which are well known to 
those skilled in the art and as described hereinafter. 

Certain protected intermediates of formiila I, in which the amidino and guanidino nitrogens in 
B are protected, and vs^ch may be made prior to a final deprotection stage to form 
compounds of the invention, are novel. 



According to a further aspect of the invention there is provided a compound of formula XTV, 

(CHj)p (Chy, 



XIV 




wherein B' represents a stnictural fragment of formula IVd, IVe or IVf 





IVd IVe IVf 

and independently represent H or benzyloxycarbonyl and p, q, K\ R^. R', R\ Y, n, R^, 
X* and are as hereinbefore defined, provided that and do not both represent H. 



The wavy lines on the carbon atom in the fragments of formulae IVd, IVe or IVf signify the 
bond position of the fragment 
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The use of protecting groups is fuUy described m ""Protective Grot^s in Organic Chemistr/*, 
edited by J W F McOmie, Plenum Press (1973), and "Protective Groups in Organic 
Synthesis", 2nd edition, T W Greene & P G M Wuiz, WDey-Interscience (1991). 

It will also be appreciated by those skilled in the art that, although such protected derivatives 
of compounds of formula I may not possess phamiacological activity as such, they may be 
administered parenterally or orally and thereafter metabolised in the body to fomi compounds 
of the invention v^ch are phannacologically active. Such derivatives may dierefore be 
described as "prodrugs". All prodrugs of compounds of formula I are included within the 
scope of the invention 

Protected derivatives of compounds of fomiula I vMch are particularly useful as prodrugs 
include compounds of fomiula XTV. 

Medical and pharmaceutical use 

The compounds of the invention are useful because they possess phannacological activity. 
They are therefore indicated as pharmaceuticals. 

According to a further aspect of the mvention there is thus provided the compounds of the 
invention for use as phamiaceuticals. 

In particular, the compounds of the invention are potent inhibitors of thrombin, for example 
as demonstrated in the tests described below. 

The compounds of the invention are thus expected to be useful in those conditions where 
inhibition of thrombin is required. 

The compounds of the invention are thus indicated in the treatment or prophylaxis of 
thrombosis and hyperooagulabiUty m blood and tissues of aninials including man. 
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The compounds of the invention are further indicated in the treatment of conditions where 
there is an undesirable excess of thrombin without signs of hypercoagulability, for example in 
neurodegenerative diseases such as Alzheimer's disease. 

s 

Particular disease states vAdch may be mentioned include the treatment of and/or prophylaxis 
of venous thrombosis and pulmonary embolism, arterial thrombosis (e.g. in myocardial 
infarction unstable angioa, thrombosis-based stroke and peripheral arterial thrombosis) and 
systemic embolism usually fiom the atrium during arterial fibrillation or fiom the left 
10 ventricle after transmural myocardial in&rction. 

Moreover, the compounds of the invention are expected to have utility in prophylaxis of re- 
occlusion (i.e. thrombosis) after thrombolysis, percutaneous trans-luminal angioplasty 
(PTCA), coronary bypass operations, microsurgery and vascular surgery in general. 

15 

Further indications include the treatment and prophylaxis of disseminated intravascular 
coagulation caused by bacteria, multiple trauma, intoxication or any other mechanism; 
anticoagulant treatment when blood is in contact with foreign surfaces in the body such as 
vascular grafts, vascular stents, vascular catheters, mechanical and biological prosthetic 
20 valves or any other medical device; and anticoagulant treatment ^en blood is in contact with 
medical devices outside the body such as during cardiovascular surgery using a heart-lung 
machine or in haemodialysis. 

In addition to its effects on the coagulation process, thrombin is known to activate a large 
25 number of cells (such as neutrophils, fibroblasts, endothelial cells and smooth muscle cells). 
Therefore, the compoimds of the present invention may also be usefiil for the treatment or 
prophylaxis of idiopathic and adult respiratory distress syndrome, pulmonary fibrosis 
following treatment with radiation or chemotherapy, septic shock, septicemia, infiammatoiy 
responses, which include, but are not limited to, edema, . nite or chronic atherosclerosis such 
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as coronary azterial disease, cerebral aiteiiai disease, peripheral arterial disease, repeifusion 
damage, and restenosis after percutaneous trans-luminal angioplasty (PTCA). 

Compounds of the present invention that inhibit trypsin and/or thrombin may also be useful 
in the treatment of pancreatitis. 

According to a further aspect of the invention, there is provided a method of treatment of a 
condition where inhibition of thrombin is required ^ch method comprises administration of 
a therapeutically effective amount of a compound of fomaula I as defined above, or a 
pharmaceutically acceptable salt thereof, to a person suffering fiom, or susceptible to, such a 
condition. 

Pharmaceutical preparatioiis 

The compounds of the invention will nonnally be administered orally, subcutaneously 
buccally, rectally, dermally, nasally, tracheally, bronchially, by any other parenteral route or 
via inhalation, in the form of pharmaceutical preparations comprising the active ingredient 
either as a free base, or a pharmaceutical acceptable non-toxic organic or inorganic acid 
addition salt, in a pharmaceutically acceptable dosage forai. Depending upon the disorder and 
patient to be treated and the route of administiation, the compositions may be administered at 
varying doses. 

The compounds of the invention may also be combined with any antithrombotic agent with a 
different mechanism of action, such as the antiplatelet agents acetylsalicylic acid, ticlopidine, 
clopidogrel, thromboxane receptor and/or synthetase inhibitors, fibrinogen receptor 
antagonists, prostacyclin mimetics and phosphodiesterase inhibitors . 



The compounds of the invention may fiirthcr be combined with thrombolytics such as tissue 
plasminogen activator (natural or recraibinant), streptokinase, urokinase, prourokinase, 
anisolated streptokinase plasminogen activator complex (ASPAQ, animal salivary gland 
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plasminogen activators, and the like, in the treatment of thrombotic diseases, in paxticular 
myocardial infarction. 

According to a further aspect of the invention there is thus provided a pharmaceudcal 
fomiulation including a compound of formula I as hereinbefore defined, or a 
pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically acceptable 
adjuvant, diluent or carrier. 



Suitable daily doses of the compounds of the invention in therapeutical treatment of humans 
are about 0.001-100 mg/kg body weight at peroral administration and 0.001-50 mg/kg body 
weight at parenteral administration. 

The compoxmds of the invention have the advantage that they may be more efficacious, be 
less toxic, be longer acting, have a broader range of activity, be more potent, produce fewer 
side effects, be more easily absorbed than, or that they may have other usefid 
pharmacological properties over, compounds known in the prior art 

Biological Tests 

TestA 

netermination of Thrombin clotting Time (TT) 

Human thrombin (T 6769, Sigma Chem Co) in buffer solution, pH 7.4, 100 jil, and inhibitor 
solution, 100 \iU were incubated for one min. Pooled normal citrated himian plasma, 100 fil, 
was then added and the clotting time measured in an automatic device (KC 10, Amelung). 

The clotting time in seconds was plotted against the inhibitor concentration, and the IC50TT 
was detennined by interpolation. 



f 



ICcaTT is the concentration of inhibitor that doubles tte thrombin clotting time for human 
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TestB 

Pftirnninarion o f AcHvated Partial Thmmboplastin Timg (APTD 
APTT was deteimined in pooled nonnal human citrated plasma with the reagent PTT 
Automated 5 manufactured by Stage. The inhibitors were added to the plasma (10^1 inhibitor 
solution to 90jil plasma) followed by the reagent and calcium chloride solution and APTT 
was dctennined in the mixture by use of the coagulation analyser KCIO (Amelung) according 
to the mstructions of the reagent producer. The clotting time in seconds was plotted against 
the inhibitor concentration in plasma and the IC50APTT was determined by interpolation. 

ICsqAPTT is defined as the concentration of inhibitor in human plasma that doubled the 
Activated Partial Thromboplastin Tune. 

Teste 

rif^tftrmination nf thrombin time ex vrvo 

The inhibition of thrombin after oral or parenteral admmistration of the compounds of the 
invention were examined in conscious rats which, one or two days prior to the experiment, 
were equipped with a catheter for blood sampling from the carotid artery. On the 
experimental day blood samples were withdrawn at fixed times after the administration of the 
compound into plastic tubes containing 1 part sodium citrate solution (0.13 mol per L) and 9 
parts of blood. The tubes were centrifiiged to obtain platelet poor plasma. The plasma was 
used for detemunation of thrombin time as described below. 

The citrated ral plasma, 100 nL, was diluted with a saline solution, 0.9%, 100 jiL, and plasma 
coagulation was started by the addition of human thrombin (T 6769, Sigma Chem Co, USA) 
in a buffer solution, pH 7.4, 1 00 ^L. The clotting time was measured in an automatic device 
(KC 10, Amelumg, Geraaany). 

Where a compound of formula XIV was administered, concentrations of the appropriate 
active thrombin inhibitor of formula I in the rat plasma were estimated by the use of standard 
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curves relating the thrombin time in the pooled citiated rat plasma to known concentialions of 
the corresponding "active" thrombin inhibitor dissolved in saline. 

TestD 

rvtermination tlimmhin time in urine ex vivo 

Conscious rats were placed in metabolism cages for 24 hours following oral administration of 
compounds of the invention. Tht thrombin time was determined on the collected urine as 
described below. 

Pooled normal citrated human plasma (lOOjiL) was incubated with the concentrated rat urine, 
or saline dilutions thereof, for one minute. Plasma coagulation was then initiated by the 
admimstration of human thrombin (T 6769, Sigma Chem Company) in buflFer solution (pH 
7.4; lOOuL). The clotting time was measured in an automatic device (KC 10; Amelung). 

Where a compound of formula XIV was administered, concentrations of the appropriate 
active thrombin inhibitor of formula I in the rat urine were estimated by the use of standard 
curves relating the thrombin time in the pooled normal citrated human plasma to known 
concentrations of the corresponding "active" thrombin inhibitor dissolved in concentrated rat 
urine (or saline dilutions thereof). By multiplying the total rat urine production over the 24 
hour period with the estimated mean concentration of the aforementioned active inhibitor in 
the urine, the amoxmt of the active inhibitor excreted could be calculated. 

The invention is iUustrated by way of the following examples. 
Examples 

Oeneral Expe nmftntel Procedures. 

Mass spectra were recorded on a Finnigan MAT TSQ 700 triple quadnipole mass 
spectrometer equipped with an elcctrospray interface (FAB-MS) and VG Platform n mass 
spectrometer equipped with an elcctrospray interface (LC-MS) . 'H NMR and '^C NMR 
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measurements were perfomied on BRUKER ACP 300 and Varian UNITY plus 400 and 500 
spectrometers, operating at fiequencies of 300.13, 399.96 and 499.82 MHz respectively, 
and at ^^C frequencies of 75.46, 100.58 and 125.69 Mhz respectively. 

Fyample 1 

rh-n^.5;v^wom-crQVA7i^>Pah v un 

m Boc-Aze-O H 

Di-tert-butyl dicarbonate (13.75 g; 63 mmol) was added with stiiiing at room temperature to 
a mixture of 5.777 g (57 mmol) of L-azetidine-2-carboxylic acid (H-Aze-OH) and 6.04 g (57 
mmol) of sodium carbonate in 50 mL of water and 1 00 mL of THF. After 60 h the THF was 
removed in vacuo and the mixture was diluted with water and acidified with 2 M potassium 
hydrogen sulphate. Extraction with methylene chloride followed by drying (magnesium 
sulphate) and evaporation of the solvent gave a residue vsWch was crystallized from 
methylene chloriderhexane to give 10.87 g (95%) of colourless crystals. 

'H-NMR (300 MHz; CDQa): 5 4.85-4.7 (br s, 1), 4.0^3.75 (m, 2), 2.65-2.35 (m, 2), 1.4 (s. 9). 

(ii)Bpc>AzC'PabfZ) 

At room temperature, EDC (13.5 g; 70 mmol) was added to a mixture of Boc-Aze-OH (10.87 
g; 54 mmol; from step (i) above), H-Pab(Z) x HCl (18.31 g; 57 mmol; prepared according to 
the method described in International Patent Application WO 94/29336) and DMAP (9.9 g; 
81 nmiol) in acetonitrile (270 mL). After 16 h the solvent was removed in vacuo and replaced 
by ethyl ace t ate. The mixture was washed with water and an aqueous solution of citric acid. 
The organic layer was dried (magnesium sulphate) and the solvent was removed in vacuo to 
give a residue which gave Boc-Aze-Pab(Z) (1 7.83 g) upon crystallization from a mixture of 
methylene chloride, toluene, diisopropyl ether and petroleum ether. 



*H-NMR (300 MHz; CDCI3): 5 7.85-7.75 (d. l\ 7.45-72 (m, 7), 52 (s. 2), 4.7 (t, 1), 4.6-4.4 
(m, 2). 3.95-3.8 ("q", 1), 3.8-3.7 (q, 1% 2.5-23 (m, 2). 1,4 (s, 9). 
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(iii) iLAz£:£ab(Z} 

Boc-Aze-Pab(Z) (2.44 g; 5.2 mmol; from step (ii) above) was dissolved in a mixture of 10 
mL of trifluoroacetic acid and 10 mL of methylene chloride. After 30 minutes the solvent and 
trifluoroacetic acid were removed m vacuo and the residue was dissolved in methylene 
chloride. The organic phase was washed with 10% sodium carbonate solution and dried 
(potassium carbonate). Removal of the solvent in vacuo gave a residue which gave H-Aze- 
Pab(Z) (1.095 g; 57%) as colouriess ciystals upon crystallization from methylene chloride. 

'H-NMR (300 MHz, CD3OD): 5 7.85-7.75 (d, 2), 7.45.7.25(m, 7), 5.2 (s, 2), 4.5 (s, 2), 4.3 (d, 
1), 3.65 (q, 1). 3.40.3 (m, 1). 2.7-2.5 (m, 1). 2.4-2.2 (m, 1). 

(iv) Ch-fR,S)CHfOHVCfQ)-Azc-Pab(Z) 

Prepared in accordance with the method described by Kelly and LaCour (Synth. Comm. 22, 
859 (1992)) in the following way. To a solution of (R,S)-hexahydromandelic acid (0.30 g, 1.9 
mmol), a catalytic amount of DMA?, and pyridine (0.31 g, 3.9 mmol) in methylene chloride 
(5 mL) was added TMSCl (0.42 g; 3.9 mmol) dropwise. The reaction was stirred at room 
temperature for 4 h. The reaction was cooled to O^^C and a catalytic amount of DMF (3 drops 
from a 2 mL syringe) was added followed by oxalyl chloride (025 g; 2.0 nmiol). The 
reaction was stirred for 1 h at O'^C, a mixture of H-Aze-Pab(Z) (0.67 g; 1 .8 mmol; from step 
(iii) above) and pyridine (0.50 g; 6.3 mmol) was added and the reaction was allowed to warm 
to room temperature and stirred over night A 10% solution of citric acid in methanol (6 mL) 
was added to the reactioru After 30 minutes, the reaction was poured into a separating funnel 
and diluted with 30 mL of ethyl acetate and the aqueous phase was extracted with ethyl 
acetate. The combined organic layers were washed with a saturated bicarbonate solution 
followed by brine and dried (Na2S04). After evaporation and flash chromatography on silica 
gel using methylene chloridermethanol (99:1 to 92:8) as eluent the sul>-title compound (60 
mg; 6%) was obtained. 
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'H-NMR (300 MHz; CDCI3) 5 1.0-1 .9 (m, 1 1 H), 2.4.2J (m, 2 H). 3.80 (d, 1 H), 4.05-4.25 
(m, 1 H). 43^.5 (m. 2 H), 4.85-5.0 (m, 1 H), 5.18 (s, 2 H), 7.1-7.5 (m. 7 H). 7.65-7.8 (m. 2 
H), 7.86 (bt. 1 H, minor diastereomer and/or rotamer), 8.33 (bt, 1 H, major diastereomer 
and/or rotamer) 

5 *^C-NMR (75 MHz. CDCI3) amidine and carbonyl carbons: 8 174.8, 170.6, 168.0 and 164.5. 
(V) p.^ y;^rHrnHVcrovA7e-Pab x HCl 

Ch-(R,S)CH(OH>-C(0)-Aze-Pab(Z) (60 mg; 0.12 mmo'; from step (iv) above) was dissolved 
in ethanol (5 mL), and 5% Pd/C and HCl (0.1 mL; cone.) were added. The mixture was 
10 hydrogenated at atmospheric pressure for 2 hours. After filtration and evaporation the product 
was purified through preparative RPLC using (0.005 M NH4OAC, 0.005 M H0Ac):CH3CN 
4:1 as eluent After fi^eze drying, HCl (aq) was added and the solution was freeze dried. The 
yield of the title product was 15 mg (31%). 

15 'H-NMR (300 MHz; D2O) the spectrum was complicated due to diastereomers and/or 
rotamers): 5 0.7-2.0 (m, 1 1 H), 2.25-2.4 (m, 1 H), 2.65-2.9 (m, 1 H), 3.79 (d, 1 H, minor), 
4.03 (d, 1 H, major), 4.05-4.15 (m, 2 H, minor), 4.35^.45 (m (bt), 2 H, major), 4.5-4.6 (m, 2 
H), 5.20 (m, 1 H, minor, the major signal overlapping with the HOD signal), 7.5-7.65 (m, 2 
H), 7.75-7.85 (m, 2 H). 

20 '^C-NMR (75 MHz; CDCI3) amidine and carbonyl carbons (diastereomers and/or rotamers): 
8 1763, 175.4. 173.7, 173.3, 167.2 and 167.0. 

Fyample 7 

f>-(p>rH(nm,rYnvATi..Pah x HCi 



f i) rh,my-.Hf QHVCf QVA7i!-PabfZ> 

The sub-title coxxqx)und was prepared according to the method described in Example l(iv) 
(R>-bexahydromandelic acid (from 0.60 g; 3.8 mmol) yielding 0.15 g (10%). 



25 



30 
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(VA rh-rR^rwQHvrrnv Ayi>-Pab x HCi 

The title compound was prepared according to the method described in Example l(v) fipom 
Ch-(R)CH(0H)-C(0)-A2e-Pab(Z) (0.12 g; 024 mmol; ftom step (i) above). Yield: 52 mg 
(54%). 

'H-NMR (300 MHz; D2O; the spectnim was complicated due to rotamers): S 0.7-2.0 (m, 1 1 
H), 2.25-2.4 (m, 1 H), 2.6-2.9 (m, 1 H), 3.79 (d. 1 H, minor), 4.02 (d. 1 H, major), 4.05-4.15 
(m, 2 H, minor), 4.35-4.45 (m (bt), 2 H, major), 4.5-4.6 (m, 2 H), 5.19 (m. 1 H, minor, the 
major signal overiapping with the HOD signal), 7.5-7.65 (m, 2 H). 7,75-7.85 (m, 2 H). 
'^C-NMR (75 MHz, CDCI3) amidine and carbonyl carbons (rotamers): 171.9, 170.2, 169.8 
and 163.8. 

Example 3 

(Ftvrrom-r(OVA7^-Pab x HCi 
(i)H:A2&£ah£ZU2JaCl 

The subtitle compound was prepared by reaction of Boc-Aze-Pab(Z) (see Example l{ii) 
above) with EtO Ac staurated with gaseous HCI. The reaction mixture was evaporated after 
half an hour to give H-Aze-Pab(Z) x 2 HCI in a quantitative yield. 

(F,t)^rrnHvrrov A^-Pabrz^ 
A mixture of diethylglycolic acid (0.13 g; 0.80 mmol), H-Aze-Pab(Z) x 2 HCI (0.39 g; 0.88 
mmol; from step (i) above), TBTU (0.28 g; 0.88 mmol) in DMF (1 5 mL) was cooled on an 
ice bath. DIPEA (0.41 g; 3.2 mmol), was added and the reaction mixnire was stined at room 
temperature overnight The resultant mixture was poured into 500 mL of water and extracted 
3 times with ethyl acetate. The combmed organic phase was washed with aqueous NaHCOa 
and water, dried Qie^SOi) and evaporated. The crude product was flash chromatographed on 
silica gel using methylene diloride:THF as elucat Yield: 30 mg (8%). 



• 
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'H-NMR (400 MHz; CDCI3): 5 8.04 (bt, IH), 7.77 (d, 2H), 7.40 (d, 2H), 7.35-7.2 (m. 5 H), 
5.17 (s. 2H). 4.90 (m, 1 H). 4.46 (dd, 1 H). 4.39 (dd, 1 H), 4.3-4.2 (m, 2 H), 2.66 (m, 1 H), 
2.44 (m, 1 H), 1.8-1.5 (m, 4 H), 0.9-0.75 (m, 6 H). 

s <iii> n-t^rrnHvrfnvA7e.Pah x hci 

The tide oonqwund was prepared according to the method described in Example l(v) fiom 
(Et)2C(0H)-C(0)-Aze-Pab(Z) (30 mg; 0.063 mmol; finm stq> (ii) above). Yield: 19 mg 



10 'H-NMR (300 MHz; D2O; the spectrum was complicated due to lotamers): 5 7.80 (d, 2 H), 
7.65-7.5 (m, 2 H), 5.43 (m, 1 H, minor rotamer) 4.90 (m, 1 H, major rotamer, 4.6-4.5 (m, 3 
H), 4.1 1 (m, 1 H, rotamer), 3.70 (m. IH, rotamer). 2.8-2.55 (m, 1 H), 2.35-2.15 (m, 1 H), 
1 .9-1 .6 (m, 4 H), 1 .0-0.75 (m, 6 H). 

"C-NMR (75 MHz; DjO) amidine and carbonyl carbons (rotamers): 6 178.3, 177.4, 175.0, 
15 173.5, 1672. 

Example 4 

fl>h\iCrOHVCrOVAy.e.Pah x HCI 

20 (i) (Eh)2C(QH>C(Q>-Aze-Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
fiom benziiic acid (0.18 g; 0.80 mmol). Yield: 0.16 g (35%). 

•H-NMR (300 MHz; DjO): 8 7.93 (bt, 1 H), 7.71 (d, 2 H), 7.54-7.15 (m, 17 H), 5.14 (s. 2 H). 
js 4.89 (m, 1 H), 4.57 (m, 1 H), 4.48 (dd, 1 H). 4 J5 (dd, 1 H), 3.60 (m. 1 H), 3.44 (m, 1 H), 
2.44(m.lH).2J3(m.lH). 



(79%). 



Oi)(E1^^2C^QHKXQ)-Az^Pab x HCI 

The title compound was prepared according to the method described in Exanq)le I(v)fiom 
90 (Ph)2C(OH)<XO)-A2e-Pab(Z) (0.16 g; 028 mmol; fiom step 0) above). Yield: 90 mg (68%). 
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'H-NMR (400 MHz; D2O) the q)ectnim was complicated due to rotamers: S 7.6S-7.SS (m, 2 
H), 7.4-7.1 (m, 12 H), 5.13(in, 1 H, minor rotamer), 4.77 (m, I H. major rotamer), 4.43 (d, 1 
H), 4.40 (d, 1 H), 4.12 (m, 1 H, nuyor rotamer), 4.05-3.9 (m, 1 H, plus 1 H minor rotamer), 
2.SS (m, 1 H, minor rotamer), 239 (m, 1 H, nuyor rotamer), 2.08 (m, 1 H). 
'^C-NMR (75 MHz, DjO) amidine and caibonyl carbons (rotamers): 5 175.7, 174.9, 174.6, 
173.4, 167.1 

Example S 

n-C^Hjj.rRS^CHrOHVCfO^.A7i>-Pah v HH 

ffl n-c^Hjj.fRS^rHrnHvrfnvA7f-Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above firom (R,S)-2-hydroxyoctanoic acid (0.13 g; 0.80 mmol yielding 0.25 g (61%). 

'H-NMR (400 MHz; CDCI3): 8 8.24 (bt, IH, one diastereomer), 7.89 (bt, IH, one 
diastereomer), 7.8-7.75 (m, 2H), 7.4-7.45 (m, 2H), 7.35-7,25 (m, 5 H), 5.1 8 (s, 2H), 4.95-4.85 
(m. 1 H), 4.55-4.35 (m, 2 H), 42-4.0 (m, 3 H), 2.8-2.65 (m, 1 H), 2.6-2.4 (m, 1 H), 2.0-1.2 
(m,10H), 0.9-0.8 (m, 3 H). 

ay\ n-c^Hjj-ms^rHrnHvrrnv A7£-Pah x hci 

The title compound was prepared according to the method described in Example 1 (v) from n- 
CjH,3-(R,S)CH(OH>C(0)-Aze-Pab(Z) (0.14 g; 0.28 mmol; from step (i) above) yielding 88 
mg(78%). 

•H-NMR (400 MHz; D2O): 8 7.7-7.6 (m, 2 H), 7.45-7.3 (m, 2 H),_5.03 (m, 1 H. one 
diastereomer) 4.74 (m, 1 H, one diastereomer overlapping with the water signal), 4.45-4 J5 
(m, 2 H), 4.3-4.1 (m, 2 H), 4.0-3.8 (m, IH), 2.65-2.45 (m, 1 H), 2J-2.1 (m, 1 H), 1.6^.9 (m, 
10 H), 0.75-0.65 (m, 3 H). 
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« 

"C-NMR (75 MHz; D2O) amidine and caibonyl caibons (diastereomors and lotameis): 8 
176.8, 176.4, 176.0, 173.5. 173.3, 173.2, 167.2. 

Ph^v-Hrr>m4^rovA7i;.Pab 

(W Ph-m^THfOHVaOVAze-Pabfa 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R)-mandelic acid (0.12 g; 0.8 mmol). Tlie erode product (0.315 g) was purified by 
flash chromatography (Si-gel; THF:EtOAc (6:4)). Yield 0.128 g (32%) of white powder, 
purity 91.2% (HPLC) 

•H-NMR (499.803 MHz. CDCI3): 5 8.14 (t, IH), 7.72 (d, 2H), 7.42 (d, 2H), 7.33 (t, 4H), 7.28 
(m. 3H), 7.22 (d, 2H), 5.18 (s, 2H), 4.92 (s, IH), 4.79 (dd, IH), 4.54 (broad s, IH), 4.39 (d, 
2H), 4.00 (q, IH), 3.53 (q, IH), 2.48 (m, IH), 2.24 (m, IH), 2.19 (broad s, IH) 
"C-NMR (125.688 MHz; CDClj) (carboxylic and amidine carbons): 5 173.1, 170.3, 168.1, 
164.5 

r»y P>u/RV-HrnHvr/ovA7e-Pah 

Ph-(R)CH(OH)-C(0>Aze-Pab(Z) (107 mg; 0.214 mmol; from step (i) above) was dissolved 
in THF:water (2:1), 37 mg of Pd/C (4 mol% Pd) was added and the resulting solution was 
hydiogenated over 6 hours. The solution was filtrated through hyflo, and evapoited to 
dryness. To the resulting white powder was added 20 mL of water acidified with 0.42 mL of 
IM HQ (ca. 2 equivalents). The resulting solution was washed with 5 mL of EtOAc and 10 
mL of diethyl ether, and freeze-dried twice. Yield: 72 mg (84%) of wdiite powder. Purity: 
91%(HPLQ 



'H-NMR (399.968 MHz; DjO): 8 7.57 (t, 2H). 7 J6 (d, IH), 7 J2 (s3). 727 (s, IH), 725 (d, 
IH), 7.19 (m, IH), 5.17 (s, IH, major), 5.09 (s, IH. minor). 5.00 (dd, 1, minor). 4.38 (s,2, 
major), 420 (dd. IH. naajor), 3.98 (dd, 2H, minor), 3.97 (m, IH, major). 3.75 (dd. IH). 2.68 
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(s, IH, minor), 2.65 (m, IH, minor), 2.35 (m, IH, major), 2.12 (m, IH, major), 2.03 (m, IH, 
minor) 

"C-NMR (11 1.581 MHz; D20)(carbonyl and amidine carbons): 6 174.5, 173.2, 172.5, 172.4 
Rxamplft 7 

Phf4^F^WR.s^roHvr/nvA^^.P«h v wri 

The sub-title compound was prepared according to method described in Example 3(ii) from 
(R,S)-4-trifluo«)methybnandelic acid (0.19 g; 0.88 nunol). Flash chromatography (Si-gel, 
CHjCljiTHF (6:4)) yielded 0.13 g (26%) of white powder. 

•H-NMR (300 MHz; CDCl3):S 9.6-9.2 (b, 1H),8.1 (bt. 1 H. diastereomer), 7.9 (bt, 1 H, 
diastereomer), 7.7-7.1 (m, 13 H), 5.16 (s. 2 H). 5.07 (s, 1 H, diastereomer), 4.98 (s, I H. 
diastereomer), 4.80 (m, 1 H), 4.5-4.2 (m, 2 H), 4.1-3.5 (m, 2 H), 2.5-2.2 (m, 2 H) 
"C-NMR (75 MHz; CDClj), amidine and carbonyl carbons (diastereomers): 6 173.3, 172.4, 
170.3, 168.3, 1M.4 

Cu) Phf4-CFiWR.sv^HfnHvrrn vAri^.Pah v hpi 

Prepared according to the method described in Example 1 (v) from Ph(4-CFj)-(R,S)CH(0H)- 
C(0)-Aze-Pab(Z) ( 1 33 mg; 0.23 mmol; from step (i) above) to give the title compound as a 
vAate crystalline powder. Yield 77 mg (70%). 

'H-NMR (300 MHz; DjO): 8 8.84 (m, 1 H, diastereomer/iotamer), 8.73 (m, 1 H, 
diastereomer/rotamer), 8.52 (m, 1 H, diastereomer/rotamer), 7.8-7.4 (m, 8 H), 5.46, 5.44, 
530, 5.20 (singlets, 1 H, diastereomers/rotamers), 4.96 (m, 1 H, diasteieomeiAotamer, other 
signals from the same proton ovcrlaH)ing with the HDO-agnal), 4.6-4.0 (m. 4 H), 2.9-2.5 (m, 
IHX 2.4-2.1 (m,lH) 

"C-NMR (75 MHz; DjO), amidine and caibonyl carbons (diastereomos and rotamets): 5 
173.6, 1733, 173.1, 173.0, 172.9, 167.0 
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Example 8 

Phr4^MeWR.SU:HrOHVaQVAze-Pabx HCI 
ffl Phf4^MeWR.S^HrQHVrfflVAze-Pahr7^ 

The sub-title compound was prepared according to method 3^1) fiom (R,S) 4- 
methoxymandelic acid (0.18 g; 1.0 mmol. Flash duomatography (Si-gel; EtOAc:MeOH 
(95:5)) yielded 27 mg (17%) of white powder. 

Diastereomeric ratio 85:15; signals fiom the major diastereomer 
'H-NMR (400 MHz; CDCI3): 5 8.19 (m, 1 H), 7.80 (d, 2 H), 7.45 (d, 2 H), 7.4-72 (m, 7 H), 
7.1 3 (d, 2 H, minor totamer), 6.90 (d, 2 H, nuyor rotamerX 6.82 (d, 2 H, minor lotamer), 5.21 
(s, 2 H), 4.9-4.85 (m. 2 H; thereof a singlet at 4.89 (1 H)), 4.6-4.4 (m, 2 H), 4.02 (m, 1 H), 
3.81 (s. 3 H), 3.55 (m, 1 H), 2.62 (m, 1 H), 2.32 (m, 1 H) 

"C-NMR (100 MHz; CDCyamidine and carbonyl carbons: 8 173.6. 170.3, 167.8, 164.6 
an Phf4-OMeWR,S^CHrQHVCrOVA«-Pflh V HPI 

The title compound was prepared according to method described in Example l(v) from 
Ph(4-OMeXR,S)CH(OH)-C(0>A2e-Pab(Z) (27 mg; 0.05 mmol; from step (i) above). Yield 
15 mg (68%) of white powder. 

Diastereomeric ratio 85:15; signals from the major diastereomer 

'H-NMR (400 MHz; D2O): 8 7.7-7.6 (m, 2 H), 7.5-7.3 (m, 4 H), 7.18 (d, 2 H, rotamer), 6.97 
(d, 2 H, rotamer), 6.9-6.85 (m, 2 H, rotamer), 5.19 (s, 1 H, rotamer), 5.14 (s, 1 H, lotamer), 
5.01 (m, 1 H, rotamer), 4.76 (m, 1 H rotamer), 4.48 (s, 1 H), 4.3-3.7 (m, 7 H, thaeof 2 
singlets at 3.78, 3.77 ( 3H)), 2.73 (m, 1 H, rotamer), 2.46 (m, 1 H, rotamer), 2.3-2.0 (m, 1 H) 
"C-NMR (75 MHz, DjO), amidine and caibonyl carbons (rotamers): 8 175.5, 174.1, 173 J, 
173.1, 167.1, 167.0 
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Ryample 9 

Phr4-QHVn^S^CHrOHVCrQVAze-Pab x HCl 

The sub-title compound was prepared according to the method described in Example 3(ii) 
fiom (R,S)-4-hydioxymandelic acid (0.34 g; 2.0 nunol). Flash chromatography (Si-gel, 
EtOAc/EtOH 9/1) yielded 0.18 g (17%). 

'H-NMR (400 MHz; CDCI3): 5 7.70 (d, 2 H, minor diastereomer/rotamer), 7.64 (d, 2 H, 
major diastereomer/rotamerX 7.5-7.0 (m, 7 H), 6.82 (d, 2 H, major diastereomerAotamer), 
6.67 (d, 2 H, minor diastereomer/rotamer), 6.43 (d, 2 H, major diastereomer/rotamer), S.30, 
S.26, S.22, 521 (singlets, 2 H, diastereomers/rotamers), 4.95-4.8 (m, 2 H), 4.15-4.05 (m, 2 
H), 4.0-3.7 (m, 2 H). 2.7-2.5, (m, 2 H) 

(u\ PhM>OHWR.S^CHfQm-aQVAze>Pab x HCl 

The sub-title compound was prepared according to the method described in Example 1 (v) 
from Ph(4-0H)-(R,S)CH(0H><:(0>Aze-Pab(Z) (94 mg; 0.18 mmol; from step (i) above). 
Yield: 37 mg (49%) of white powder. 

*H-NMR (600 MHz; D2O): 5 7.76, 7.72, 7.71, 7.68, 7.52, 7.47, 7.40, 7.35, 7.25, 7.19, 7.1 1, 
6.97, 6.82, 6.76, 6.73, 6.71 (doublets, 8 H, diastereomers/rotamers), 5.19 (s, 1 H, 
diastereomer/rotamer), 5.17 (s, 1 H, diastereomet/rotamer), 5.14 (s, 1 H, 
diastereomer/rotamer), 5.01 (m, 1 H, diastcreomeiAotamer), 4.88 (m, 1 H, 
diastereomer/rotamer, other signals fiom the same proton overlapping with the HDO-signal), 
4.6-3.8 (m, 4 H), 2.77 (m, 1 H, diastereomer/rotamer), 2.62 (m, 1 H, diastereomer/rotamer), 
2.49 (m, 1 H, diastereomer/rotamer), 2.3-2.1 (m, 1 H) 

'^C-NMR (75 MHz; D2O), amidine and carbonyl carbons (diastereomers and rotamers): 5 
175.9, 174.8, 1743, 173.3, 1732, 172.9, 167.1 
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Fvample 10 

(i) i>h.PHj.m->CH ^nHvr/nvA7g.PahfZ^ 
s The sub-title compound was prepared according to method described in Example 3(ii) from 

(R)-phenyllactic add (0.25 g; 1.5 mmol. Flash chromatography (Si-gel, CHjCliiTHF (6:4)) 
yielded 0.28 g (36%). 

'H-NMR (500 MHz; CDCIj): S 8.19 (m, 1 H). 7.72 (d, 2 H), 7.43 (d. 2 H). 7.4-7.1 (m, 10 H). 
10 5.19 (s. 2 H). 4.73 (m. 1 H), 4.45-4.25 (m, 2 H), 4.19 (m. 1 H). 3.86 (m, 1 H), 3.18 (m. 1 H), 
3.0-2.9 (m, 2 H), 2.42 (m, 1 H), 2.14 (m, 1 H) 

"C-NMR (125 MHz; CDCI3), amidine and caibonyl carbons: 6 174.5, 170.2, 167.9, 1643 

(ii) Ph^Hj-m^nHrn m-rfflVAze-Pah x hci 

IS The tide compound was prepared according to the method described in Example l(v) fiom 
Ph-CH2-(R)CH(0H)-C(0)-Aze-Pab(Z) (0.22 g; 0.43 mmol; from step (i) above) to yield 
101.5 mg (57%) of wWte powder. 

'H-NMR (600 MHz; DjO): 8 7.73 (d, 2 H, major rolamer), 7.62 (d, 2 H, minor rotamer), 7.5- 
10 7.4 (m, 2 H), 7.4-72 (m, 5 H), 7. 10 (m, 2 H, minor lotamcr), 4.71 (m, 1 H, major rotamer), 
4.5-4.4 (m, 2 H), 4.34 (m, 1 H, minor rotamer), 4.14 (m, 1 H), 4.03 (m, 1 H), 3.53 (m, 1 H), 
3.05-2.95 (m, 2 H, nuyor rotamer), 2.9-2.7 (m, 2 H, minor rotamer), 2.65-2.5 (m, 1 H, minor 
rotamer), 2i-2.3 (m, 1 H, major rotamer), 2.3-2.1 (m, 1 H) 

"C-NMR (75 MHz; D2OX amidine and carbonyl carbons (rotameis): 8 175.9, 175.0, 173.7, 
25 1732, 167.1, 166.8 
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Fixanglcll 

(OfiQC:£iC:QH 

Prepared according to M.Bodanszky and A.Bodanszky ("The Practise of Peptide Synthesis", 
Springer-Verlag) using THF instead of dioxan as solvent 

'H NMR (300 MHz; CDClj): 8 5.0-4.8 (br d, IH), 4.0 (br s, IH). 3.0 (br s, IH), 220 (d, IH), 
1.65 (m,2H), 1.5-1.3 (s + m, 13H) 

(iOBoC'Plc-PabfZ) 

The sub-tide compound was prepared according to the method described in Example l(ii) 
above from Boc-Pic-OH (2.02g; 8.8 nunol; from step (i) above) yielding 1.59g (44%). 

FAB-MS m/z 495 (M + 1)* 

•h NMR (400 MHz; CDClj): 6 7.83 (d, 2H), 7.43 (d, 2H), 7.36-7.1 1 (m. 5H), 6.52 (bs. NH), 
520 (s, 2H), 4.81-4.72 (m, IH). 4.61-4.34 (m, 2H), 4.10-3.90 (m, lH),2.79-2.64 (m, IH), 
2.36-2.25 (m, IH), 1.7-1.3 (m, 14H) 

ri.nH-Pic-Pahr7W2Ha 

Boc-Pic-Pab(Z) (1.59 g; 3.25 mmol; from step (ii) above) was dissolved in 100 mL of EtOAc 
saturated with HQ. The reaction mixture was evaporated after half an hour to give the tide 
product in quantitative yield. 

FAB-MS m/z 395 (M + 1)* 

'HNMR (300 MHz; DjO): 6 7.82 (d, 2H), 7.63-7.41 (m, 7H), 5.47 (s, 2H), 4.69-4.49 (AB- 
system centered at 6 4.59. 2H), 4.03 (dd. 1H)3.52 (bd, IH). 3.10 (dt. IH). 229 (dd. IH), 
2.08-1.61 (m.5H) 
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(iv)H-Pic-PabfZ) 

The sub-title compound was generated by dissolving the dihydrochloride bom step (iii) 
above in 2M NaOH followed by extraction with CH2C12 and evaporation of the organic 
s solvent 

M rh-rR^mroHVcrovPic^Pabrz^ 

The sub-title compound was pepared according to the method described in Example 3(ii) 
fiom (R)-hexahydromandeIic acid (0.1S2 g; 0.96 mmol) and H-Pic-Pab(Z) (0.417 g; 1.06 
10 mmol; from step (iv) above). Flash chromatograi^y (Si gel, first EtOAc:toluene (3:2), then 
EtOAc) yielded 90 mg (18%). 

'H-NMR (300 MHz; CDCI3): 5 7.82 (d, 2H), 7.5-7.2 (m, 7H), 6.63 (t, X part of ABX-system, 
NH), 5.21 (s, 2H), 5.14 (d, IH), 4.46 (ABX-system, 2H). 4.26 (apparent s, IH), 3.61 (bd,lH), 
15 3.52 (bd, IH), 3.06 (dt, IH), 2.30 (bd, IH), 1.92-1.0 (m, 14H), 0.95-0.8 (m. IH) 

*^C-NMR (75 MHz; CDCI3) amidine and carbonyl carbons: 5 174.8, 170.3, 167.8 and 164.6. 

(vi) Ch^>CHrQHVC(QVPic.Pab x HCi 

The title compoimd was prepared according to the method described in Example l(v) from 
20 Ch-(R)CH-(OH)C(0)-Pic-Pab(Z) (from 59 mg; 0.1 1 mmol; from step (v) above) yielding 19 
mg(40%). 

FAB-MSm/z401(M+l)* 

^H-NMR (300 MHz; DjO) the spectrum was complicated due to rotamers: 5 7.91-7.72 (m, 
25 major and minor rotamer, 2H), 7.58 (d, minor rotamer,2H), 7.53 (d, major rotamer. 2H), 5.17 
(apparent bs, major rotamer, IH), 4.66-4.28 (m, 3H), 3.96 (bd, nuyor rotamer, IH), 3.26 (bt, 
major rotamer, IH), 3.05-2.88 (m, minor rotamer, IH), 2.39-220 (m, IH), 2.0-0.75 (m, 16H) 
"C-NMR (75 MHz; MeOD) amidine and carbooyl carbons at 5 175.86, 173.20, 168.53 
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Example 12 

OO^Hj^^HfOHVCrOVPicPabx Hri 

5 A solution of phenyllactic acid (2.S7 g) and rhodium on alumina (0.75 g) in MeOH (170 mL) 
was hydrogenated in H2-atmosphere at 3 atmospheres for 2 days. The mixture was filtered 
through hyflo and evaporated to dryness to give the product in quantitative yield. 

'H-NMR (400 MHz; CDClj): 5 4.23 (bdd, IH), 3.24 (apparent s, OH), 1.68 (bd, IH), 1.63- 
10 1.43 (m, 6H), 143-Ul (m. IH). 1.2M.0 (m, 3H). 0.95-0.75 (m, 157 mg (0.91 mmol) 2H) 

The sub-title compound was prepared according to the method described in Example l(iv) 
fiom H.Pic-Pab(Z) x 2 HCl (353 mg; 0.76 mmol; see Example 1 Ifiii) above) and 
>5 Ch-CH2-(R)CH-(0H)-C00H (1 57 mg; 0.91 mmol; fiom step (i) above). The product was 
flash chromatographed (Si gel, EtOAc:toluene (7:3)) yielding 92 mg (22%). 

'H-NMR (300 MHz; CDClj): 8 7.72 (d, 2H), 7.46-7.1 (m, 7H), 6.90 (t, NH), 5.18 (s, 2H), 
5.07 (d. IH), 4.45 (bd. IH), 4.37 (d, 2H), 3.73-3.47 (m, 2H), 3.10 (bt, IH). 224 (bd. IH), 
20 2.15-2.0 (m. IH). 1.90 (bd, IH). 1.80-1.05 (m, 12H), 1.05-0.75 (m, 3H) 

"C-NMR (75 MHz; CDCI3) amidine and carbonyl carbons: 6 175.88, 170.43. 168.04 and 
164.58. 

riii^ Ch-CHj-m^CHfOHVCfOVPicPah Y HH 
25 The title compound was prepared acconling to the method described in Example 1 (v) above 
fiom Ch-CH2-(R)CH(0H)-C(0).Pic-Pab(Z) (62 mg; 0.1 13 mmol; fiom step Cii) above) 
yielding 47 mg (92%). 



FAB-MS m/z415(M+l)* 
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*H-NMR (300 MHz; D2O) the spectrum was complicated due to rotameis: 5 7.85-7.71 (m, 
major and minor rotamer, 2H), 7.56 (d, minor rotamer^ZH), 7,50 (d, major rotamer, 2H), 5.12 
(apparent bs, major rotamer, IH). 4.68-4.25 (m, 3H,partly hidden by HDO), 3.80 (bd, major 
rotamer, IH), 324 (bt, majorrotamer, IH), 2.89 (bt, minorrotamcr, IH), 2.25 (m. IH), 1,92- 
5 0.82 (m, 17H), 0.60-0.40 (m, major rotamer, IH) 

'^C-NMR (75 MHz; D2O) amidine and carbonyl carbons(rotamer5): 5 177.10, 173.88, 
173.07, 167.24 

Example 13 

to Ph-rR^rWOMe Vr/nVAze-Pab X HCl 

(!)H:AzfiiQM&JZLUa 

MeOH (200 ml) was cooled to -40^0 under an argon atmosphere. Thionyl chloride (47.1 g; 
0.396 mol) was added dropwise and the reaction mixture was stirred at -lO^C for 35 
15 minutes. H-Aze-OH (10.0 g; 0.099 mol) was added and the mixture was stirred at room 
temperature overnight The reaction mixture was subsequently evaporated to yield 16.1 g 
(100%) of the title compound. 

'H NMR (400 MHz; CDCI3): 6 5.12-5.24 (m, 1 H), 4.08-4.29 (m, 2 H), 3.84 (s, 3 H). 2.65- 
20 2.87 (m, 2 H). 

nw Ph,rT?^rHrnMeVCrOVA7e.OMe 

The subtiUe compound was prepared according to the procedure described in Example l(ii) 
from R(-)-a-methoxyphenyI acetic acid (0.60 g; 3.6 nunol) and H-Aze-OMe x HCl (0.55 g, 
23 3.6 mmol, from step (i) above) yielding 0.32 g (34%). 

"H NMR (400 MHz; CDCI3): 5 729-7.48 (m, 5 H), 4.71-5.08 (m, 2 H), 3.92-4.31 (m, 2 H), 
3.69-3.83 (m, 3 H), 3.19-3.46 (m. 3 H), 2.13-2.65 (m, 2 H). 
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(iii) Ph-rR^CHfOMeVCrQVA7i.^H 

To a solution of Ph-(R)CH(0Me)-C(0)-A2e-0Me (0.32 g; 1.2 mmol; fix>m stq) (ii) above) 
in THF (10 ml) a solution of lithium hydroxide monohydrate (0.071 g; 1.7 mmol) in H2O 
(6 ml) was added. The reaction mixture was stixred for 3 h and was subsequently 
evaporated. The residue was dissolved in HjO and was extracted with toluene. ThepHof 
the H2O layer was adjusted to 3 with aqueous HCl followed by an extraction with ethyl 
acetate (4 times). The combined organic layer was evaporated to yield 0.28 g (92%) of the 
title compoimd. 

'H NMR (300 MHz; CDCI3): 5 7.30-7.50 (m, 5 H), 4.95-5.10 (m. 1 H), 4.80 (s. 1 H), 4.10- 
4.35 (m, 2 H), 3.40 (s, 3 H), 2.40-2.80 (m, 2 H). 

nv^ Ph-m^cwoMfiW!rovA^i>,P«y7> 

The sub-title compound was prepared according to the procedure described in Example l(ii) 
fiom H-Pab(Z) x HCl (0.36 g; 1.0 mmol) and Ph-CH(OMe)-C(0>A2e-OH (0.25 g; 1.0 
nmiol; from step (iii) above) to yield 0.39 g (76%) as a white powder. 

'H-NMR (400 MHz; CDCI3): 5 8.29 (m, 1 H), 7.77 (d, 2 H), 7.45 (d, 2 H), 7.4-7.2 (m, 10 H). 
5.22 (s, 2 H), 4.93 (m, 1 H), 4.69 (s, 1 H), 4.44 (m, 2 H), 4.15 (m, 2 H), 3.35 (s, 3 H), 2.69 
(m,lH).2.42(m,lH) 

M Ph-rR^CH(QMeVr/OVA7i>,P;,h v HP] 

The title compound was prepared according to method described in Example l(v) from Ph- 
(R)CH(OMe)-C(0)-Aze-Pab(Z) (0.15 g; 029 mmol; fiom step (iv) above) yielding 50.4 mg 
(41%) as a white powder. 

'H-NMR (400 MHz; CDjOD; the a-hydrogen of Azc and the benzylic hydrogen from the 
mandelalc were obscured by the CDjOH-signal): 6 7.8-7.6 (m, 2 H), 7.6-7.4 (ni, 2 H), 7.4-7.1 
(m. 5 H), 4.64.4 (m. 2 H). 4 J-4.0 (m. 2 H). 329 (s, 3 H), 2.7-2.5 (m, I H), 2.4-2.1 (m. 1 H) 
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Example 14 

Phn-nMeWR S^THrOHVCfflVAze-Pab x HCl 

(t) Phn-nMeWR,S^CHfOH VCrQVA2£-Pabra 
s The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-methoxymandelic acid (270 mg; 1 .5 mmol) yielding 340 mg (43%); 
diastereomeric ratio 1:1. 

FAB-MSm/z531(M+lf 

10 ^H-NMR (400 MHz; CDCI3): 6 8.14 (m, IH, diastereomer), 7.87 (m. IH, diastereomer), 7.8- 
7.0 (m, lOH), 6.9-6.7 (m, 3H), 5.16 (s, 2H), 4.96 (s, IH, diastereomer), 4.88 (s, IH, 
diastereomer), 4.85-4.7 (m, IH), 4.4-4.2 (m, 2H), 4.05-3.9 (m, IH), 3.71 (s, 3H, 
diastereomer), 3.71 (m, IH, diastereomer), 3.66 (s, 3H, diastereomer), 3.58 (m, IH, 
diastereomer), 2.5-2.35 (m, IH), 2.32 (m, IH, diastereomer), 2.20 (m, IH, diastereomer). 

15 "C-NMR ( 1 00 MHz; CDCI3) amidine and carbonyl carbons (diastereomers): 5 1 73.9, 1 73.0, 
170.5, 170.4, 168.3, 168.2, 164.5. 

(ii) PhfS-QMeXR.SlCHfOm^fflVAzC'Pab x HCl 

The title compound was prepared according to the method described in Example l(v) from 
20 Fh(3-0Me)-(R,S)CH(0H)-C(0)-Aze-Pab(Z) (230 mg; 0.43 mmol; from step (i) above) 
yielding 126 mg (67%) of product Diastereomeric ratio 1:1. 

FAB.MSm/z397(M+l)* 

'H-NMR (400 MHz; D2O; complicated due to (diastereomers/rotamers) and some 
25 impurities): 5 7.6-7.1 (m, 5H), 6.9-6.6 (m, 3H), 52-4.7 (m, 1.2H), 4.4-3.7 (m, 4-5H), 3.63 (s. 
3H, diastereomer/rotamer), 3.55 (m, 3H, diastereomer/rotamer), 2.5-23 (m, IH) 22-2.0 (m. 



^^C-NMR (75 MHz; D2O) amidine and carbonyl carbons (diastereomers/rotamers): 5 175.8» 
175.4. 174.8, 174.6,168.5. 



IH). 
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Example IS 

Phn>MeWR,SU:wnm-CrQVAze-Pah x HQAc 

(i) n^SV3-Methvlmandelic acid 

s A mixture of 3-methylbenzaldehyde (12.0 g; 0.1 mol) and benzyltriethylammonium , 
chloride (1.23 g; O.OOS mol) in CHClj (16 ml) was sdned at 5^C. A solution of NaOH 
(25 g) in H2O (25 ml) was added dropwise to the mixture. When the addition was 
completed the reaction mixture was stirred for I h. The reaction mixture was dUuted with 
H2O (to give 400 ml) and extracted with diethyl ether (3 x SO ml). The pH of the mixture 

10 was adjusted to 1 with H2SO4 (cone.) followed by an extraction with diethyl ether (6 x 50 
ml). The combined organic layer was dried (MgS04) and evaporated. The crude product 
(1 1.6 g) was recrystallized from toluene to give 8.47 g (51%) of the title compound. 

LC-MS m/z 165 (M - 1)', 331 (2M - 1)" 
15 NMR (600 MHz; CD3OD): 5 7.10-7.28 (m,4 H), 5.08 (s, 1 H), 2.32 (s,3 H). 

(ii) Phr3-MeVrR.S^CHrOm^CrQVA7e-Pab(Z ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-methylmandeIic acid (0.22 g; 1.3 mmol; from step(i) above) yielding 0.37 g 
20 (54%). 

LC-MSm/z515(M+l)^ 

'H NMR (400 MHz; CDCI3): 5 8.1 1-8.21 (t, NH), 6.97-7.89 (m, 13 H), 5.18-5.24 (m, 2 H), 
4.83-5.00 (m, 2 H). 4.37^.58 (m. 2 H), 3.50-4.1 1 (m, 2 H), 2.39-2.71 (m 2 H). 2.27-2.38 
25 (m. 3 H). 

(iii) PhrVMeWR.S^CHrQHVCrOVA7i^>Pah x HQAc 

A mixture of Ph(3-Me)-(R,S)CH(OH)-C(0).A2e-Pab(Z) (0.105 g; 0.20 mmol; from step 
(ii) above), acetic acid (0.012 g» 020 mmol) and Pd/C (5%, 0.14 g) in ethanol (12 ml) was 
30 hydrogenated at atmospheric pressure for 6 h. The reaction mixture was filtrated and the 
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filtrate was evaporated. The crude product (97 mg) was dissolved in H2O and freeze-dried 
resulting in a sticky product The product was dissolved in HOAc and was freeze-dried 
again without any improvement The product was dissolved in H2O, filtered through a 
HPLC-filter and was freeze-dried. The yield was 67 mg (76%) of the title compound. 



LC-MSm/z381(M+l)^ 

*H NMR (400 MHz; DjO): 8 6.89-7.72 (m, 8 H), 4.79-5.23 (m, 2 H), 3.76-4.51 (m, 4 H). 
2.38-2.82 (m, 2 H), 2.15-2.27 (m, 3 H) 

'^C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
10 carbonyl carbons: 5 181.21, 175,43, 174.38, 173.94, 173.23, 173.06, 172.16, 167.00 

Example 16 

PhQ'QEtV(R,SlCHfQH)-C(Q)-Ay^-Pab x HQAc 

13 (i) (R,S.V3-EthQxymandclic acid 

(R,S)-3-hydroxymandelic acid (0.712 g; 4.236 mmol) was dissolved in acetonitrile (15 ml). 
K2CO3 (2.34 g, 16.94 mmol) was added and ethyl iodide (1.03 ml, 12.71 mmol) was added 
dropwise. The reaction mixture was refluxed for 2 h and was subsequently evaporated. 
The residue was dissolved in H2O (25 ml) and acetone (6 ml) and the mixture was stirred at 

20 room temperature for 3 h. The reaction mixture was evaporated and the resulting H2O 
layer was extracted with ethyl acetate. The pH of the H2O layer was adjusted to 2 with 
aqueous KHSO4 and more H2O was added to dissolve formed salts. The H20-solution was 
extracted with ethyl acetate (3 times). Hie combined organic layer was washed with H2O, 
dried (Na2S04) and evaporated. The residue was subjected to preparative RPLC (25% 

25 acetonitrile:75% 0.1 M HOAc) and the fractions containing product was evaporated The 
resulting HjO layer was extracted with ethyl acetate (3 times) and the combined organic 
layer was washed with H2O, dried (Na2S04) and evaporated. The yield was 1 82 mg (22%) 
of the sub-title compound. 



5 
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LC-MS M/Z 195 (M - 1)', 391 (2M • 1)\ 587 (3M - 1)" 
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•h NMR (400 MHz; CDjOD): 6 6.80-7.27 (m. 4 H). 5.08 (s. I H), 3.99-4.13 (m, 2 H) 1.34- 
1.40 (t. 3 H). 

fin Phn.OEi\^.fi\rwniT\^m\.Ar^.PMTi 

The sub-title compound was prepared according to the method described in Example 3(ii) 
fiom (R,S)-3-ethoxymandelic acid (0.178 g; 0.907 mmol; fiom step (i) above) yielding 259 
mg(52%). 

LC-MSm/z545(M+l)* 

'H NMR (400 MHz; CDClj): 8 6,77-7.77 (m. 13 H), 5.16-5.21 (d, 2 H). 4.78-4.99 (m, 2 
H), 4.27-4.51 (m. 2 H), 3.53-4.07 (m, 4 H), 2.21-2.60 (m, 2 H), 1.29-1.41 (m, 3 H). 

(iii) Phf3-ORtWR.S^rHrOfn.r/n^A7 ^.Pah y HOAr. 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3-0EtHR,S)CH(0H)-C(0)-Aze-Pab(Z) (0.182 g; 0.33 mmol; from step (u) 
above) yielding 1 57 mg (1 00%). 

LC-MSm/z41l(M+l)* 

'H NMR (400 MHz; CDjOD): 5 7.71-7.79 (m, 2 H), 7.49-7.60 (m, 2 H), 7. 19-7 JO (m. 1 
H), 6.94-7.02 (m, 2 H), 6.81-6.90 (m, 1 H), 5.09-5.18 (m. 1 H), 4.74-4.81 (m, IH), 4.39- 
4.62 (m, 2 H), 3.93-4.35 (m, 4 H), 2.10-2.61 (m, 2 H). 1.32-1.40 (m, 3 H). 
" C NMR (100.6 MHz; D2O; complicated due to dlastereomers/rotamers) amidine and 
carbonyl carbons: 6 180.68, 174.30, 173.50, 173.07, 172.44, 172.26. 

Example 17 

Phr3.0PrfMUR.SK:HfOHvrrnvA«.Pah x HOAr 



(i) fR-SV3-Allvloxymandelic flci^ 

(R,S>3-Hydroxymandelic acid (0.504 g; 3.0 mmol) was dissolved in dry acetone (25 ml) 
in nitrogm atmosphere. Allyl bromide (0.907 g; 7.5 mmol) and dry K2CO3 (1.037 g; 7.5 
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mmol) was added and the reaction mixture was stirred in nitrogen atmospher for 16 h. The 
reaction mixture was subsequently evaporated. The residue was dissolved in H2O (25 ml) 
and acetone (6 ml) and the mixture was stirred for 2 h (the reaction was followed by 
HPLC). The mixture was evaporated and the water layer was extracted with ethyl acetate. 
5 The pH of the water layer was adjusted to 2 with aqueous KHSO4 and extracted with ethyl 
acetate (3 times). The combined organic layer was washed with H2O, dried (Na2S04) and 
evaporated to give the sub-title product in a yield of 0.I7S g (28%). 

*H NMR (500 MHz; CDCI3): 5 6.87-7.30 (m, 4 H), 5.97-6.10 (m, 1 H), 5.26-5.44 (m, 2 H), 
10 5.20 (s, 1 H). 4.51-4.55 (d, 2 H). 

fii^ Phf3-OCH:^CH<:HjV(R,S^CHrQHVrrnVA7^-PAhf7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-allyloxymandelic acid (0.167 g; 0.8 mmol; from step (i) above) yielding 260 
IS mg(58%). 

'H NMR (500 MHz; CDCI3): 5 8.09-8.17 (t, NH), 6.79-7.87 (m, 13 H), 5.94-6.09 (m, 1 H), 
5.20-5.44 (m, 4 H), 4.86-5.02 (m, 2 H). 4.32-4.62 (m, 4 H), 3.54-4.15 (m, 2 H). 2.30-2.74 
(m,2H). 



fiii^ Phf 3-OPTfn^WR,S^CHrOHVCrOVA7^>Pah x UP Ac 

The title compound was prepared according to the method described in Example 15(iii) 
from Ph(3-OCH2CH=CH2)-(R,S)CH(OH>C(0)-Aze-Pab(Z) (0.06 g; 0.1 mmol; from step 
(ii) above) yielding 47mg (97%). 



LC-MS m/z 425 (M +1)\ 423 (M - 1)' 

^H NMR (500 MHz; DjO): 5 6.70-7.71 (m, 8 H), 4.70-5.25 (m, 2 H), 3.78-4.53 (m, 6 H), 
2.05-2.80 (m, 2 H), 1.56-1.75 (m, 2 H). 0.82-0.95 (m. 3 H). 



20 
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Example 18 

Phri^Prffao^WR.S^WOHVaOVA7ii.Pab X HQAc 

(i) (R,S)-3-isopropoxyinandelic acid 

s The sub-title compound was ptepared according to the method described in Example 1 6(i) 
above from (R,S)-3-hydroxymandelic acid (0.70 g; 4.16 mmol), CS2CO3 (S.87 g; 16.65 
mmol) and isopropyl iodide (1.2S mi; 12.49 mmol) yielding 62 mg (7%). 

LC-MSni/z209(M-l)" 
10 'H NMR (400 MHz; CD3OD): 8 6.81-7.25 (m, 4 H), 5.08 (s, I H), 4.53-4.64 (m, 1 H), 
1.28-1.32 (d. 6 H). 

(ii) Phf3.0Prf/.yo^Vni.S^CHrOm-CfflVA7i:.PabrZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
15 above from (R,S)-3-isopropoxymandelic acid (0.063 g; 0.3 mmol; from step (i) above) 
yielding 60 mg (34%). 

LC-MSm/z559(M+l)* 

'H NMR (400 MHz; CDCI3): 6 6.75-7.79 (m, 13 H). 5.18-5.24 (m, 2 H), 4.81-4.99 (m, 2 
20 H), 4.31-4.58 (m, 3 H), 3.97-4.15 (m, 1 H), 3.55-3.77 (m, 1 H), 2.24-2.64 (m, 2 H), 1.23- 
1.33 (m, 6 H). 

(Ui) Phn.OPT<MO>WR-S^HfOHVC rOVA7e.Pah x HQAc 

The title compoimd was prepared according to the method described in Example 15(iii) 
2S above from Ph(3-OPr(wo))-(R,S)CH(OH)-C(0)-A2e-Pab(Z) (0.05 g; 0.090 mmol; from 
step (ii) above) yielding 41 mg (94%). 



LC-MSm/z425(M+l)* 



# 




wo 97/02284 



PCT/SE96AM»n 



44 



'H NMR (400 MHz; CD3OD): 6 6.81-7.80 (m, 8 H), 5.08-5.18 (m, 1 H). 4.74^.80 (m, 1 
H). 4.53-4.64 (m, 2 H), 4.41-4.51 (m, 1 H), 3.93-4.35 (m. 2 H), 2.23-2.60 (m, 2 H), 1.25- 
1.32 (m, 6 H). 

"C NMR (1 00.6 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
5 caibonyl carbons: 6 181.10, 173.60, 173.15, 172.48. 166.39. 

PhO^Mi>WR S^nHrOHUyQVA2e.Pab x HOAc 

10 (i) Ph0.nMeWR S\CHfOHVCfOVA7e-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-2-methoxymandelic acid (0.18 g; 1.0 mmol) yielding 80 mg (17%). 

'H NMR (500 MHz; CDCI3): 6 8.16-8.22, (t, NH), 6.81-7.85 (m, 13 H), 5.16-5.20 (m, 2 
IS H), 4.79-4.91 (m, 1 H), 4.35-4.49 (m,2 H), 3.84-4.02 (m, 2 H), 3.63-3.80 (m, 3 H), 3.32- 
3.56 (m. 1 H), 2.21-2.57 (m, 2 H). 

(ii) Phn-OMeWR S^CHrom-CrOVAze-Pab x HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
20 above from Ph(2-OMe)-(R,S)CH(OH>-C(0)-Aze-Pab(Z) (0.08 g; 0.15 nunol; from step (i) 
above) yielding 45 mg (71%). 

FAB-MSm/z397(M+l)* 

'H NMR (500 MHz; DjO): 6 6.83-7.70 (m, 8 H), 4.71-4.97 (m, 1 H), 4.34-4.51 (m, 2 H), 
js 3.87-422 (m, 3 H), 3.67-3.75 (m, 3 H). 2.00-2.74(01, 2 H). 

'^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 6 179.96, 17628, 174.97, 174.50, 173.44, 173 J9, 173.29, 173.10, 
167.12. 



30 



W097/D2284 



45 



PCT/SE9(i/00878 



Example 20 

Phf3.5^iOMeVflLS^HfOHVCrOVAM.Pab x HOAc 

(i) Phf3.5-diOMeWR.SK!HrOHVCfQVA7e-Pahf7^ 

The sub-title compound was prepared according to the method described in Example 3(u) 
above from (R,S>3,S-dimethoxymandelic acid (0.21 g; I.O mmol; prepared accoiding to 
the method described in Synthesis (1974) 724) yielding 0.3 1 g (62%). 

'HNMR (500 MHz; CDCI3): S 8.1 1-8.16 (tNH), 7.17-7.86 (m, 9 H), 6.41-6.49 (m, 3 H), 
521-5.24 (d, 2 H). 4.84-5.03 (m, 2 H), 4.29-4.66 (m, 2 H), 3.67-4.17 (m. 8 H), 2.32-2.72 
(m,2H). 

(ii) Phf3.S-diOMeWR.S^CHfflm-rf OVAze-Pah x HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3,5-diOMe)-(R,S)CH(OH)-C(0)-Aze-Pab(Z) (0.15 g; 0.27 mmol; from step 
(i) above) yielding 120 mg (100%). 

'H NMR (500 MH^ D2O): 5 7.34-7.75 (m, 4 H), 6.44-6.66 (m, 3 H), 4.67-5.12 (m, 1 H), 
3.97-4.55 (m, 5 H), 3.79 (s, 3 H). 3.71-3.74 (m, 3 H). 2.14-2.85 (m, 2 H). 
"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 181.17, 174.85, 173.92, 173.53, 173.09, 172.98, 182.90, 166.77. 

Example 21 

Phf 3.0Me.4-OHWR.S^CHrQW-CrQVA«-Pah x HOAc 
m Phr3.nMe 4.0HW]LS^rHfO HVaQVAM.Pflhm 

The sub-title compoimd was prepared according to the method described in Example 3(ii) 
above from (R.S>4-hydroxy-3-methoxymandelic acid (0.20 g; 1.0) yielding 89 mg (16%). 

LC-MS m/2 547 (M + 1)*. 545 (M - 1)" 
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'H NMR (400 MHz; CDCI3): 5 8.07-8.15 (m, NH), 6.64-7.86 (m, 12 H), 5.20-5.27 (m, 2 
H). 3.57-5.00 (m, 9 H), 2.31-2.74 (m, 2 H). 

(u) Phn.nMe.4-OHWR.S^CHrOHVCrOVAze.Pab x HOAc 
The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3-OMe.4-OH)-(R.S)CH(OH)-C(0>Aze-Pab(Z) (0.085 g; 0.16 mmol; fiom 
step (i) above yielding 57 mg (78%). 

FAB-MS m/z 413 (M+1)* 

'H NMR (500 MHz; D2O; complicated due to diasteremoers/rotamers): 5 6.66-7.83 (m. 8 
H), 4.80-5.25 (m, 2 H), 3.88-4.59 (m. 4 H), 3.68-3.88 (m, 3 H), 2.10-2.85 (m, 2 H). 
'^C NMR (75.5 MHz; D2O; complicated due to diastereomersAotamers) amidine and 
caibonyl carbons: 6 182.01, 175.56, 174.43, 174.04, 173.20, 173.05. 166.90, 166.85. 

Example 22 

Ph(2.RS-CF^VfR.S^CHrOm-aQVA7i;-Pah X HOAc 

(i) Phf2-F.S-CF3WR.S^CHrOHVaOVAze.Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-2-fluoro-5-trifluoromethylmandelic acid (0.3 g; 1.2 mmol; prepared 
according to the method described in Org. Synth. Coll. 1, 336) yielding 0.32 g (51%). 

FAB-MS m/z 587 (M+1)* 

'H NMR (400 MHz; CDCI3): 6 7.15-7.87 (m, 12 H), 5.19-5.30- (m, 2 H), 4.87-5.00 (m, 1 
H), 4.36-4.60 (m, 3 H), 4.05-4.20 (m, 1 H), 3.60-3.73 (m, 1 H), 2 J2-2.72 (m, 2 H). 

(ii) Pbf2-F.S-CF3WR.S^HrQHW!mVA7/».Pah y HOAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(2-F,5-CF3)-(R,S)CH(OH)-C(0)-Aze-Pab(Z) (0.15 g; 0.26 mmol; from step 
0) above yielding 1 10 mg (90%). 
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•h NMR (500 MHz, DjO): 8 7.28-7.83 (m, 7 H), 5.43-5.65 (m, I H). 4.82-5.18 (m. 1 H), 
3.97-4.56 (m, 4 H). 2.14-2.85 (m. 2 H). 

'^C NMR (75.5 MHz; P2O; complicated due to diastereomers^tameis) amidine and 
carbonylcailwns: 6 173.61, 173.33. 173.06. 172.83, 172.68, 172.62, 166.86. 164.27, 
161.15, 160.92. 

Example 23 

(i) Ph■^^■S^crKtvQHvrrovAr^.Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-2-hydroxy-2-phenyl butanoic acid (0.18 g; 1.0 mmol), yielding 79 mg 
(15%). 

LC-MS m/z 529 (M + 1)*, 527 (M - 1)' 

'H NMR (400 MHz, CDCIj): 5 7.27-7.86 (m, 14 H), 5.22 (s. 2 H). 4.82-4.93 (m, 1 H). 
4.39.4.57 (m. 2 H), 3.84-3.98 (m. 2 H). 2.02-2.64 (m, 4 H), 0.86-0.93 (m, 3 H). 

(ii) Ph-fR.S^CfEtVQH^-aOVA7i.-Pah y HOAr 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph-(R,S)C(Et)(OH)-C(0)-Aze-Pab(Z) (0.08 g; 01.5 mmol; from step (i) above 
yielding 62 mg (90%) of the title compound. 

FAB-MS m/z 395 (M+1)* 

'H NMR (400 MHz; DjO): 6 7.27-7.84 (m, 9 H). 4.83-5.35 (m, 1 H), 3.89-4.60 (m. 4 H), 
2.40-2.61 (m, 1 H), 1.95-2.30 (m, 3 H). 0.78-0.95 (m, 3 H). 
'^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotameis) amidine and 
caibonylcaibons: 5 182.09, 175.79, 175.48, 173.53, 173.23, 167.05. 
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(i) Ph^ S^rrMeVQHVaOVAze-PabrZ^ 



The sub-title compound was prepared according to the method described in Example 3(ii) 
above finom (S)-(+)-2-hydroxy-2-phenyl propionic acid (0.20 g; 1.2 mmol) yielding 0.17 g 



NMR (500 MHz; CDCI3): 6 8.04-8.14 (t, NH), 7.17-7.80 (m, 14 H), 5.20 (s, 2 H), 4.76- 
4.86 (m, 1 H). 4.31-4.50 (m, 2 H), 3.76-3.94 (m, 2 H). 2.19-2.44 (m, 2 H). 1.70 (s, 3 H). 

(ii) Ph-(R,S)C(Mg)(OH)-CfOVA«'Pabx HQAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph-(R,S)C(Me)(OH>C(0)-Aze-Pab(Z) (0.08 g; 0.16 mmol; from step (i) 
above) yielding 48 mg (78%), diasteromeric ratio: 85:15. 

NMR (500 MHz; DjO): 8 7.30-7.79 (m, 9 H), 3.99-4.82 (m, 5 H). 2.09-2.74 (m, 2 H), 
1.70-1.77 (m, 3 H). 

'^C NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 5 
176.90, 176.34, 173.89, 173.48. 167.00. 

Example 25 

Pb-fR)CHf QH)'C(Q>'A2C>Pac x HQAc 
(i) Boc-Aze-QSu 

A mixttire of Boc-Aze-OH (5 g, 25 mmol) and HOSu (2.88 g, 25 mmol) in 25 ml of THF 
was cooled on an ice bath. EDC (4.3 ml, 25 mmol) was added and the solution was stirred 
overnight It was evaporated, dissolved in ethyl acetate, washed with KHSO4 (aq» 0.3 M)» 
Na2C03 (aq, 10%), dried (MgS04) and ev{4>orated. Crystallization from ethyl 
acetate:petn>leum ether afforded 3.78 g (51%) of sub-title compound. 



(31%). 
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'H NMR (300 MHz; CDCI3) b 4.89 (m, IH). 4.07 (m. IH). 3.9S (m. IH). 2.8S (s. 4H), 2.67 
(m, IH), 2.45 (m, IH), 1.42 (s. 9H) 

(ii) Boc-Azc-PacfZ) 

A mixture of H-Pac(Z) x 2 HCl (0.227 g, 0.63 mmol), Boc-Aze-OSu (0.194 g, 0.6S mmol) 
and triethylamine (0.2 ml, 1 .4 mmol) in 10 ml of THF was stirred at room temperature for 
1 8 h. After evqwration the residue was dissolved in ethyl acetate, filtered through a plug 
of Celite and chromatographed on a silica gel column with ethyl acetate:THF (2:1). The 
eluent was evaporated, dissolved in ethyl acetate, washed with water, dried (MgS04) and 
evirated to give 0.2S0 g (81%) of sub-title compound. 

'H NMR (300 MHz; CDCI3) 8 7.4-7.2 (m, 5H). 5.05 (s, 2H), 4.55 (bt, IH), 3.85 (bq, IH), 
3.72 (bq, IH). 3.2-3.0 (m, 2H). 2.4-2.2 (m, 2H), 2.10 (m, IH), 1.9-1.7 (m, 4H), 1.5-1.3 (m, 
11 H, thereof s at 1.37, 9H) 1.0-0.8 (m, 2H) 

(iii) H-Aze-Pac(Z) 

The subtitle compound was prepared according to the method described in Example 3(i) 
from Boc-Aze-Pac(Z) (from step (ii) above) followed by an alkaline extractive work up. 

riv>Ph-nt^rHroTRnMSvr^n vA7e.Pacr7^ 

The sub-title compoimd was prepared analogously to the method described in Example 
l(ii) above from Ph-(R)CH(OTBDMS)-C(0)OH (0.236 g, 0.89 mmol, prepared according 
to Hamada ct al. JJna. Cbem. Soc., (1989) 111, 669) and H-A2ie-Pac(Z) (0.25 g; 0.53 
mmol; from step (iii) above; previously activated by stirring in CH2Cl2:trifluoroacetic acid 
(1:1; 10 ml) for 30 minutes) yielding 160 mg (48%). 

'H NMR (500 MHz; CDCI3): 5 7.20-7.44 (m, 10 H), 5.22 (s, 1 H), 5.06-5.16 (m, 2 H), 
4.80-4.90 (m, 1 H), 3.92-4.43 (m, 2 H), 2.88-3.12 (m, 2 H), 235-2.60 (m, 2 H), 125-2.10 
(m. 10 H). 0.84-0.94 (m. 9 H). 0.00-O.lS (m. 6 H) 
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(V) ph^v-Hrnw.anvA7fi.Pac x HQAc 

The title compound was prepared according to the method described in Example 15(iii) 
above fiom Ph-(R)CH(OTBDMS)-C(0)-Aze-Pac(Z) (0.16 g; 0.25 mmol; fiom step (iv) 
5 above), with purification by RPLC yielding 15 mg (14%). 

FAB-MS m/z 373 (M+1)* 

Fxample 26 

(i)fifi£:AzedBig(Z) 

The subtitle compound was prepared analogously to the method described in Exanq>le l(ii) 
from Boc-Aze-OH (1 .03 g; 5.12 mmol; see Example l(i) above) and H-Pig(Z) x 2 HCl (1 .86 
IS g, 5. 12 mmol; prepared according to the method described in International Patent plication 
WO 94/29336) yielding 1.24 g (51%). 

'H NMR (400MHz; CDClj): 8 7.27.7.43 (m, 5 H). 5.12 (s,2 H), 4.60-4.67 (t, 1 H), 4.16-426 
(d, 2 H). 3.86-3.95 (m, 1 H). 3.74-3.82 (m. 1 H), 3.1 1-3.30 (m, 2 H), 2.78-2.89 (m. 2 H). 
20 2.33-2.52 (bs, 2 H). 1.71-1.83 (m, 3 H), 1.44 (s, 9 H). 1. 15-1.29 (m, 2 H). 

(;i)H.A7«.Pipr7^x2HCl 

Boc-Aze-Pig(Z) (1 .2 g; 2.53 mmol; from step (i) above) in ethyl acetate saturated with HCl 
(75 ml) was stined at room temperature for Ih. The reaction mixturc was evirated, 
a diluted with water and extracted with toluene. The water layer was fieeze-dried to give 

1 .085 g (%%) of the title compound. 

•h NMR (500 MHz; CD,OD): 8 7 J2-7.46 (m, 5 H), 528 (s, 2 H), 4.99-5.05 (t, 1 H). 4.08- 
4.16 (m. 1 H). 3.91-3.99 (m, 3 H), 3.13-3.25 (m. 4 H). 2.79-2.88 (m, 1 H). 2.47-2J7 (m. 1 
30 K), 1.82-1.96 (m, 3 H). U6-1.40 (m. 2 H). 
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r,ii) Ph.fR^rHroTBnMSvaQVA2e.Pigfz^ 

The sub-title compound was prq>ared analogously to the method described in Example 
2S(iv) above fiom Ph-(R)CH(OTBDMS)-C(0)OH (0.401 g; 1.5 mmol) and H-Aze-Pig(Z) 
s X 2 HCl (0.672 g; 1 .5 mmol; from step (iii) above) yielding 350 mg (46%). 



LC-MS m/z 508 (M+ 1)*, 530 (M + Na)"^ 



(W\ Ph^^rWOm-TfOVAze-PiB X HOAc 
10 The title compound was prepared according to the method described in Example 15(iii) 
above fix)m Ph-(R)CH(OH)-C(0)-Aze-Pig(Z) (0.1 g; 0.197nmiol; fiom step (iv) above) 
yielding 81 mg (95%) of the title compound. 

LC-MS m/z 374 (M +1)* 
15 'H NMR (400 MHz; CD3OD): 6 7.25-7.50 (m. 5 H), 5.15 (s, 1 H), 4.65-4.75 (m, 1 H). 
4.25-4.35 (m, 1 H), 3.80-4.00 (m, 3 H), 2.95-3.50 (m, 4 H), 2.05-2.50 (m, 2 H). 1.75-1.90 
(m, 3 H), 1.15-1.30 (m, 2 H). 

Example 27 

20 Ph-rR^rHrom-r rnvPm^s^Hiy y hoac 



(i)H-(R.S)Hig(Z)x2HCl 

The subtitle compound was prepared according to the method described in Example 3(i) 
from Boc-(R,S)Hig(Z) (prepared according to the method described in International Patem 
2s Application WO 94/29336) 



(u) Ph^^rWOTBDMSVCfOVPro-OBn 

The sub-title compound was prepared according to the method described in Example l(ii) 
fiom L-pioUne benzylester x HCl (2.0 g, 8.26 mmol) and Pb-(R)CH(OTBDMS>C(0)OH 
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(2.0 g, 7.5 1 mmol, prepared according to the method described by Hamada et d in J. Am. 
Chem. Soc. (1989) 111, 669) yielding 2.0 g (59%). 

'H NMR (500 MHz; CDCI3): S 7.22-7.55 (m, 10 H), 5.45 (s, 1 H), 5.15 (s, 2 H). 4.45-4.55 
(m. 1 H), 3.70-3.82 (m, 1 H), 3.05-3.15 (m. 1 H), 1.65-2.15 (m, 4 H), 0.85-1.05 (m. 9 H), 
0.00-0.22 (m, 6 H). 

(iii) Ph-m^CHrOTBDMSVCmVPm-OH 

A mixture of Ph-(R)CH(OTBDMS)-C(0)-Pro-OBn (1.9 g. 4.19 mmol, from step (ii) 
above) and Pd/C (10%, 0.21 g) in ethanol (80 ml) was hydrogenated at atmospheric 
pressure for 3 h. The reaction mixture was filtered through celite and the filtrate was 
evaporated. The yield was 1 .36 g (91%) of the title compound. 

LC-MSm/z362(M.iy 

'H NMR (500 MHz; CD3OD): 5 7.20-7.50 (m, 5 H), 5.45 (s, 1 H), 4.30-4.40 (m, 1 H), 
3.30-3.70 (m, 2 H). 1.75-2.30 (m, 4 H), 0.85-1.00 (m, 9 H), 0.00-0.20 (m, 6 H). 

(iv^ Ph-fR^CHrOTBDMSVaOVPro-m.SVHigrZ^ 

The sub-title compoimd was prepared analogously to the method described in Example 
25(iv) above fiom Ph-(R)CH(OTBDMS)-C(0)-Pro-OH (0.36 g; 1 mmol; from step (iii) 
above) and H-(R,S)Hig(Z) x 2 HCI (0.36 g; 1 mmol; from step (i) above yielding 0.63 g of 
crude product which was used without further purification in the proceeding step. 

LC-MSm/z636(M+l)* 

"C NMR (100.5 MHz; CDCI3) amidine and carbonyl carbons: 5 171.57, 171.20, 163.79, 
15922. 



(v) Ph-rR^cwoHVcrovPm-m s^HiprT^ 

A mixture of Ph-(R)CH(OTBDMS)-C(0)-Pro-(R,S)Hig(Z) (0.63 g; 1 mmol; fiom step (iv) 
above) and TFA (10 ml, 20% in CH2CI2) was stirred at room teiiq)eFatiire for 3h. The pH of 
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the reaction mixture was adjusted to 9 with aqueous K2CO3 and the reaction mixture was 
subsequently extracted with CH2CI2. The combined organic layer was dried (Na2S04) and 
evaporated. The crude product was purified by flash chromatography on a silica gel 
column (40 g) eluted with CH2CI2 (100 ml), CH2Cl2:EtOH 95:S (100 ml) and 
s CH2Cl2:EtOH (9: 1 ; 300 ml). The yield was 1 38 mg (26%) of the sub-title compound. 

LC-MSm/2 522(M+l)* 

'^C NMR (100.5 MHz; CDCI3) amidine and carbonyl carbons: 5 172.21, 171.20, 163.64, 
159.11. 



(vi^ Ph-rR^CHrom.rfOVPrn-r R.s^Hig x hqac 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from Ph-(R)CH(OH)-C(0)-Pro-(R,S)Hig(Z) (0.071 g; 0.14 mmol; from step (v) 
above yielding 49 mg (80%). 



LC-MSm/2 388(M+l)* 

'H hfMR (400 MHz; D2O; complicated due to diastereomers/rotamers): 6 7.32-7.56 (m, 5 
H), 5.37-5.52 (m, 1 H), 4.32^.64 (m, 1 H). 3.57-3.75 (m, 2 H), 3.24-3.56 (m, 4 H), 2.89- 
3.15 (m, 2 H), 1.25-2.80 (m, 9 H). 
20 '^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 181.92, 174.92, 173.69. 173.03. 

Example 28 

Ph-fR)CHfQHVCfQ)-Pro-Dig x HOAc 



(i) Ph-fR)CH(QTBDMSmQ)-PnhPigm 

The sub-title compound was prepared analogously to the method described in Example 
2SGv) above from H-Dig(Z) (0.14 g; 0.507 nunol; see International Patent Application 
WO 94/29336) and Ph-(R)CH(OTBDMS>C(0)-Pio-OH (023 g; 0.608 mmol; see 



10 



IS 



25 
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Example 27(iii) above) yielding 316 mg of cnide product wbicb was used in the 
proceeding stqi without fuither purification. 



LC-MSm/z622(M + l)* 



(u) Ph.fRy^HfOm.CfOVPro-Diym 

Trifluoroacetic acid (6 ml; 20% in CHjClj) was added to Ph-(R)CH(OTBDMS)-C(0)-PiD- 
Dig(Z) (0.3 1 S g; 0.506 mmol; from step (i) above) at O^C and the mixture was stined at 
room temperature for 2 h. The pH of the reaction mixture was adjusted to 8 with aqueous 
to K2CO3 and was extracted wdth CH2CI2. The organic layer was washed with aqueous NaQ, 
dried QiajSO^) and evaporated. The crude product (250 mg) was flash chromatograpbed 
on a silica gel column using CH2Cl2:MeOH (9:1) as eluent yielding 180 mg (70%) of the 
title compound. 

1$ 'h NMR (400 MHz; CDCI3): 5 7.25-7.39 (m, 10 H), 5.32-5.37 (bs, 1 H), 5.08-5.19 (m, 2 
H), 4.40-4.49 (m, 1 H), 4.21-4.35 (m, 2 H), 3.87-4.03 (m, 2 H), 3.71-3.79 (m, 2 H), 3.18- 
3 J2 (m, 2 H), 3.00-3.10 (m. 1 H), 2.61-2.73 (m, 1 H), 2.14-2.24 (m, 1 H). 1.62-2.07 (m, 8 
H). 

:o fiin Ph-rR^rHroHvrrovPm-nig x hoac 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph-(R)CH(OH)-C(0)-Pro-Dig(Z) (0.14 g; 0.276 mmol; from step (Hi) above 
yielding 112 mg (94%). 

js 'H NMR (400 MHz; CD3OD): 5 7.27-7.44 (m, 5 H), 5.34 (s, 1 H). 4.29-4.35 (m. 1 H), 
4.17-4.25 (m, 2 H). 3.75-3.83 (m, 2 H), 3.63-3.73 (m. 1 H), 325-3.34 (m, 1 H), 3.08-3.23 
(m. 2 H), 2.79-2.90 (m, 1 H), 1.71-2.10 (m, 6 H). 

"C NMR (100.6 MHz; CD3OD) amidine and cariMnyl signals: 5 174.79, 173.26, 158.16. 
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Rxanu)lc29 

Ph-fR)CH(QH)-CfQHR or S)Pic(cfe-4-Me)-Pab x HQAc and 

Ph-m^HrOHVrfOWS or R^PicfgK-4.MeV.Pah x HOAc 

(i) m SVN.Boc.Picfc».4-MeVPabm 

The sub-title conqMimd was prepared analogously to the method described in Example 
lOi) from (R,S)-N-Boc-Pic(cu-4-Me)-OH (0.88 g; 4.1 mmol; prepared according to the 
method described in Shuman et al J. Oig. Chem. (1990), 55, 738) yielding 405 mg (19%). 

FAB-MS m/z 509 (M+1)* 

'H NMR (400 MHz; CDCI3): 6 7.25-7.90 (m, 9 H). 5.20 (s, 2 H), 4.45-4.50 (m, 2 H), 4.30- 
4.40 (m, 1 H), 3.15-3.70 (m, 2 H), 170-2.00 (m, 4 H), 1.45 (s, 9 H), 1.15-1 .30 (m, 1 H), 
0.90-1.05 (m, 3 H). 

(ii) H-fR.S)Picfctf-4-Mc)-Pab(:Z) 

(R,S)-N-Boc-Pic(cw-4-Me)-Pab(Z) (0.40 g; 0.79 mmol; from step (i) above) was dissolved 
in CH2CI2 (5 ml). Trifluoroacetic acid (5 mi) was added and the mixture was stirred for 0.5 
h. The reaction mixture was evaporated and the residue was dissolved in CH2CI2. washed 
with aqueous NajCOs, dried (MgS04) and evirated. The crude product was purified by 
flash chromatography on a silica gel column eluted with CH2Cl2:MeOH 95:5 and 
CH2Cl2:MeOH 9: 1 . The yield was 300 mg (94%) of the sub-title compound. 

FAB-MS m/z 409 (M+1)* 

'H NMR (500 MHz; CD3OD): 8 7.25-7.85 (m, 9 H), 5.15 (s. 2 H), 4.35-4.45 (m, 2 H), 
2.55-3.60 (m. 3 H), 1.85-2.05 (m. 1 H)» 1 J5-1.65 (m. 2 H), 0.90-1.20 (m. 5 H). 

(iii^Ph-ntv^HfnTRnMsvr/nvm,s^Picrgf.T.4-MeVPaV7^ 
The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from H-(R,S)Pic(cw-4-Me)-Pab(Z) (0.290 1 0.71 mmol; from step (ii) above) 
and Pb^)CH(OTBDMS>-C(0)-OH (0.189 g; 0.71 mmol; prepared according to the 
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method described in Hamada ei al J. Am. Chem. Soc. ( 1 989) 111, 669) yielding 0.40 g of 
cnide product ^^ch was used in the proceeding step without purification. 

Ph-(R)CH(0TBDMS)-C(0)-(R,S)Pic(m-4.Me)-Pab(Z) (0.40 g; crude fiom step (iii) 
above) was treated with trifluoroacetic acid (20% in CHjCIj) for 3 h. The reaction mixture 
was evirated and the residue was purified by flash chromatogi^hy on a silica gel 
column eluted with CHiCljtMeOH (98:2, 95:5 and 9:1). The yield was 45 mg (1 1%) of 
the sub-title compound. 

(V) Ph-fR)CHfOHK:fOVfR or SfficrgK.4.Mi.^.Pah v HOA. .n^ 

PhfR)CHfOm-CfOWS or R^Picrrfc^-MpVP.h v HO^^ 
A mixture of Ph-(R)CH(0H)-C(0)-(R,S)Pic(c«-4-Me)-Pab(Z) (0.045 g; 0.083 mmol; from 
step (iv) above) and Pd/C (5%; 0.06 g) in ethanol (8 mL) was hydrogenated at atmospheric 
pressure for 2.5 h. The reaction mixture was filtered and the filtrate was evaporated. The 
crude product was subjected to preparative RPLC (0. 1 M NH^OAc; 30% acetonitrile) where 
the diastereomers were separated. The yield was 7 mg of compound 29A with a 
diastereomeric ratio >99:1 and 1 1 mg of compound 29B with a diastereomeric ratio 98:2. 

Compound 29 A: 

LC-MS m/z 409 (M + 1 )*, 407 (M - 1)' 

'H NMR (500 MHz; DjO): 5 7.20-7.80 (m, 9 H), 5.65 (s, 1 H), 4.65-5.35 (m, 1 H), 4.40- 
4.55 (m. 2 H), 3.85-4.00 (m, 1 H), 3.65-3.75 (m, 1 H), 2.65-3.15 (m, 2 H), 2.05-2.20 (m, 1 
H), 1 .05-1 .75 (m, 2 H), 0.70-0.90 (m, 3 H). 
Compound 29B: 

LC-MS m/z 409 (M+ 1)*, 407 (M - 1)' 

'H NMR (500 MHz; DjO): 5 7.25-7.80 (m, 9 H), 4.55-5.75 (ra, 2 H), 4.35-4.50 (m, 3 H), 
3.75-3.85 (m, 1 H). 2.70-2.80 (m. 1 H), 1.80-2.20 (m, 1 H), 0.70-1.70 (m, 6 H). 
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Example 30 

P^^rH^\^.fR^rwnffl^fflVA7^.Pab x HCl 

(i) Ph-rPi^-^^'''"^<^"^^^<^^^«-p«b^^ 

The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from H-A2e-Pab(Z) x 2 HCl (0.434 g, 0.988 mmol) and (RH-)-2-hydroxy-4- 
phenylbutuiic acid (0.162 g; 0.898 mmol). TBTU (0.433 g, 1.348 mmol) and N- 
methylmoridioline (0.363 g; 3.59 mmol) in DMF (15 ml) yielding 105 mg (22%). 

LC-MS m/z 529 (M + 1)*, 527 (M - 1)' 

'H NMR (500 MHz; CDClj): 5 8.17-8.25 (m. NH), 7.05-7.72 (m, 14 H), 5.16-5.22 (m, 2 
H), 4.71-4.88 (m, 1 H), 4.32-4.41 (m, 2 H), 3.92-4.04 (m, 2 H), 3.79-3.88 (m, 1 H), 2.62- 
2.86 (m, 2 H), 2.29-2.57 (m, 2 H), 1 .80-1.98 (m, 2 H). 

(ii) Ph.(r.Hj^.m^rH^om-rrovAze.Pah x hci 

The title compound was prepared according to the method described in Example l(v) 
above from Ph-(CH2)2-(R)CH(OH>C(0)-A2e-Pab(Z) (0.1 12 g; 0.212 mmol; from step (i) 
above) yielding 77 mg (84%). 

LC-MS m/z 395 (M + 1 )*, 393 (M - 1 )" 

'H NMR (400 MHz; CDjOD): 6 7.77-7.77 (m, 9 H), 4.73-5.19 (m, 1 H), 4.40-4.62 (m, 2 
H), 3.92-4.34 (m, 3 H), 2.48-2.84 (m, 3 H), 2.09-2.33 (m, 1 H), 1.83-2.05 (m, 2 H). 
"C NMR (100.6 MHz; DjO; complicated due to rotamers) amidine and carbonyl carbons: 
S 175.66. 174.80. 172.56. 172.49. 166.14. 165.87. 
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FYample31 

7 - ]aBpt,|hYi^ s^rHfOHVCfOVAg-Pah x HQAc 

(i) (R Ry9.naphthvnplvcolic acid 

5 nie sub-titie compound was prepared according to the method described in Example 1 5(i) 
above from 2-naphthaldehyde (15.6 g; 100 mmol) yielding 12.37 g (61%). 

LC-MS m/z 201 (M - 1)*. 403 (2M - 1)" 

'H NMR (500 MHz; CD3OD): 8 7.43-7.98 (m, 7 H), 5.29-5.35 (m, 1 H). 

10 

(ii) 7-Maphthv1^■S ^rwnHvrrnvA7e-PabfZ) 

The sub-Utle compound was prepared according to the method described in Example 3{u) 
above from (R,SH2-naphthyl)glycolic acid (0.162 g; 0.8 mmol; from step (i) above 
yielding 266 mg (60%). 

IS 

LC-MS m/z 551 (M + 1)* 

'H NMR (400 MHz; CDCI3): 6 7.18-7.91 (m, 16 H), 4.86-5.26 (m. 3 H), 4.05-4.60 (m, 3 
H), 3.52-3.78 (m, 2 H), 2.24-2.73 (m, 2 H). 

10 (iii) 7-NaphthY'-^ RVwnm-CfnVAze-Pab x HQAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from2-naphthyl-(R,S)CH(OH).C(0)-Aze-Pab(Z) (0.266 g; 0.48 mmol; from step 
(ii) above yielding 202 mg (88%). 

a LC-MS m/z 417 (M+1)* 

'H NMR (500 MHz; CD3OD): 6 7.28-7.96 (m, 1 1 H), 5 JO-5.40 (m, 1 H), 3.95-4.82 (m, 5 

H), 2.09-2.59 (m. 2 H). 
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Fxample 32 

3.1ndolvl.CH;^-fR,S^CHrOHVaOVA7^.Pah x HQAc 

(0 3.Indolvl^Hj^.S^WOm.C(OVA7i».Pahr7^ 
s The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-(3-indolyl)lactic acid (0.21 g; 1.0 mmol) yielding 0.22 g (45%). 

'H NMR (500 MHz; CDCl.): 8 6.57-7.80 (m, 14 H), 5.24 (s. 2 H), 4.59-4.83 (m, 1 H), 
4.19-4.51 (m, 3 H), 3.69-3.99 (m, 2 H), 3.03-3.36 (m, 2 H), 2.31-2.56 (m, 2 H). 

10 

(ii) 3-Indolvl-rH;^.(R.S^CHrOHVrrOVA7i.-Pah v HOAr 

The title compound was prepared according to the method described in Example IS(iii) 
above from 3-indolyl-CH2-(R,S)CH(OH)-C(0)-A2e-Pab(Z) (0.1 1 g; 0.20 mmol; from step 
(i) above yielding 75 mg (80%). 

IS 

FAB-MS m/z420(M+ I)* 

'H NMR (500 MHz; DjO): 8 7.00-7.75 (m, 9 H), 4.6M.71 (m, 1 H). 3.74-4.51 (m, 5 H). 
3.00-3.28 (m. 2 H), 1 .95-2.42 (m, 2 H) 

"C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
20 carbonyl carbons: 8 1 79.38, 1 76. 1 9, 1 75.56, 1 73.06, 1 66.78. 

Fyample 33 

fCHj^CH-rR^CHrOHVCfQVA7^.Pah x HOAe 
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25 fCH^y H.rR^rHrOHVCfflVAze-Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R)-2-bydroxyisovaleric acid (0.12 g; 1 .0 mmol) yielding 68 mg (16%). 
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'H NMR (300 MHz; CDClj): 6 8.25-8.40 (t. NH), 7.15-7.90 (m, 9 H). 5.20 (s, 2 H), 4.85- 
4.95 (m, 1 H), 4.30-4.55 (m, 2 H), 4.05-4.25 (m, 2 H), 3.75-3.90 (m, 1 H), 1.65-2.75 (m, 3 
H), 0.70-1.05 (m, 6 H). 

(ii) /rH.^^jrH^v:wom.rfflVA7i».Pah x hoac 

The title compound was {Hepared according to the method described in Example I5(iii) 
above from (CH3)2CH-(R)CH(OH)-C(0)-Aze-Pab(Z) (0.068 g; 0.15 mmol; froms step (i) 
above) yielding 13 mg (23%). 

'H NMR (300 MHz; D2O): 5 7.45-7.80 (m, 4 H), 4.85-5.25 (m, 1 H), 4.45-4.65 (m, 2 H), 
4.30-4.40 (m, 1 H), 3.80-4.10 (m, 2 H), 2.60-2.80 (m, 1 H), 2.20-2.35 (m, 1 H), 1.90-2.05 
(m, IH), 0.70-1.00 (m, 6 H). 

'^C NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 
182.37, 176.34, 175.38. 173.84, 173.26. 167.16. 

Example 34 

tCHi)2CH-(CH2)2-(R.S)CH(OK)-C(QVAze-Pab x HQAc 

(i) frH^^^CH-fCHj^^-fR S^rHfOm -CrOVAze-PabfZ ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-isoleucic acid (0.12 g; 0.88 mmol) yielding 0.15 g (36%). 

'H NMR (300 MHz; CDClj): 6 7.15-7.80 (m, 9 H), 5.20 (s, 2 H). 4.85-4.95 (m, 1 H), 4.35- 
4.55 (m, 2 H). 3.85-4.20 (m, 3 H), 2.40-2.80 (m, 2 H). 1.75-2.10 (m, 1 H), 1.20-1.55 (m, 2 
H), 0.75-1.00 (m. 6 H). 

(ii) rCH;iV;CH-rCHj>i-rR.S^CHrOHV aOVA7e-Pah X HQAc 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from (CHj)2CH-(CH2)2-(R,S)CH(OH)-C(0)-Aze-Pab(Z) (0.13 g; 0.27 mmol; from 
step (i) above) yielding 0.1 1 g (100%). 
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'H NMR (400 MHz; DjO): 5 7.63-7.69 (m, 2 H), 7.37-7.46 (m. 2 H), 4.72-5.12 (m, I H), 
4.40-4.46 (m, 2 H), 4.17-4.31 (m. 2 H). 3.90-4.02 (m, 1 H). 2.50-2.69 (m, 1 H), 2.11-2.27 
(m, I H), 1.12-1.72 (m, 3 H), 0.61-0.85 (m. 6 H). 

NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 176.97, 176.80, 176.61, 176.19, 173.38. 173.28, 173.17, 173.10, 
166.78, 182.02. 

Example 35 

Phn-OHWRS^CHrom-TfOyPm-Pah V HPI 
fnBoc-Pm-Pah(7AxHn 

The subtide compound was prepared according to the method described in Example l(ii) 
from Boc-Pro-OH (10.2 g, 47.4 mmol) and added H-Pab(Z) x HCl (15.9 g. 49.8 mmol), 
yielding 21.74 g (95.5%) 

FAB-MS m/z 481 (M 4-1)^ 

'H NMR (400 MHz; CD3OD) 6 8.0-7.8 (m, 2H). 7.5-7.25 (m, 7H). 5.17 (s, 2H) 4.6-4.15 
(m, 3H), 3.6-3.35 (m, 2H), 2.3-2.1 (m, IH), 2.1-1.8 (m, 3H), 1.5-1.3 (two broad singlets, 
rotamers of Boc. 9H) 

fii^ H-Pro-Pabf7^ 

The subtitle compound was prepared according to the method described in Example 3(i) 
from Boc-Pro-Pab(Z) x HCl (from step (ii) above) followed by an alkaline extractive work 
up. 

Cm-) Phf3.0m.fR.S>CHfOm.rrOVPro-Pahrn 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-hydroxymandelic acid (0.25 g; 1.5 mmol) and H-Pro-Pab(Z) (0.63 g; 
1.65inmol; from step (ii) above) yielding 51 mg (6%) of the title compound. 
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FAB-MS m/z531(M + 1)* 

pt,p^H)^ s^rHroHV^rovP^o-Pab x HCl 

5 The title compound was prepared according to the method described in Example 1 (v) 
above fiom Ph(3-OHHR,S)CH(OH).C(0)-Pro-Pab(Z) (0.05 g; 0.094 mmol; from step (iii) 
above) yielding 30 mg (74%). 

FAB-MS m/z 397 (M+1)* 
10 "C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 175.36, 175.13. 172.92, 167.13. 

p.Yample 36 

Pl,^^ ^.^joM^wR s^r■HrOH^.^^f)^.P^n.Pah^t HOAc 

IS 

(i) p hfl ^^inM..WP g^rHrnHVf!fOVPro.PabfZ> 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S>3,5-dimethoxymandelic acid (0.08 g; 0.38 nunol; prepared according to 
the method described in Synthesis (1974), 724) and H-Pro.Pab(Z) (0.16 g; 0.42 mmol; see 
20 Example 35(ii)) yielding 61 mg (28%). 

'H NMR (500 MHz; CDCI3): 6 7.70-7.80 (t, NH), 7.08-7.50 (m, 9 H), 6.30-6.50 (m, 3 H), 
5.20 (s, 2 H), 5.00-5.10 (m, 1 H), 4.25-4.70 (m, 3 H), 3.60-3.80 (m, 6 H). 3.35-3.55 (m, 1 
H), 2.95-3.25 (m. 1 H), 1.70-2.25 (m, 4 H). 

23 

(ii) phfi s^invfeVflt sy:Hf0HVa0VPfn-Pahx HQAc 

The tide compound was prepared according to the method described in Example 15(iii) 
above from Ph(3,5-diOMe)-(R,S)CH(OH)-C(0>Pro-Pab(Z) (0.06 g; 0.10 mmol; from step 
(i) above) yielding 35 mg (72%). 
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'H NMR (500 MHz; D^O): 6 7.23-7.80 (m, 4 H), 6.41-6,65 (m, 3 H), 5.35-5.45 (m, 1 H), 
4.35-4.60 (m, 3 H), 3.80 (s, 3 H). 3.10-3.75 (m, 5 H). 1.70-2.35 (m, 4 H). 

NMR (75.5 MH2^ D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 175.28, 175.05, 174.03, 173.46, 172.80, 172.73, 167.11, 166.95. 

Rxample 37 

Phn.oMevrR.s ^rwnHvrrovPm-Pah x hqac 

(i) Phn.nMe^■fR.s ^rwnHv^rovp^o.PabfZ^ 

The sub-title compound was prepared accordii^ to the method described in Example 3(ii) 
above from (R,S)-3-methoxymandelic acid (0.27 g; 1.5 mmol) and H-Pro-Pab(Z) (0.57 g; 
1.5 mmol; see Example 35(ii) above) yielding 158 mg (20%). 

FAB-MS m/z 545 (M + 1)* 

'H NMR (400 MHz; CDCI3): 5 7.77-7.84 (m, 2 H), 7.01-7.48 (m, 8 H), 6.80-6.91 (m, 3 H), 
5.20-5.24 (m, 2 H), 5.06-5.1 1 (m, 1 H), 4.30-4.72 (m, 3 H), 3.68-3.79 (m, 3 H), 3.38-3.57 
(m, 1 H), 2.91-3.17 (m, 1 H), 1.68-2.31 (m, 4 H). 

(ii) Phr-t-OMeVfR S^rHrOHVCrO VPro-Pah X HOAc 

The title compound was prepared according to the method described in Example I5(iii) 
above from Ph(3-OMe)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.06 g; 0.1 1 mmol; from step (i) 
above yielding 39 mg (75%). 

LC-MS m/z 41 1 (M + 1)*, 409 (M - 1)" 

'H NMR (400 MHz; DP): 5 6.81-7.84 (m, 8 H), 5.47 (s, 1 H), 4.35-4.59 (m, 3 H), 3.60- 
3.88 (m, 4 H). 3.07-3.29 (m, 1 H), 1.74-2.37 (m, 4 H). 
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Example 38 

Phrr4^.o.CHi .n.^wRS^rHroHvr^nvAyg.Pah x hqac 

(i) phn4.r.n.rHj.O .^WT? S^CWQHVrfOVA7.e.PabfZ> 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above fiom (R,S>3.4-methylcnedioxymandeIic acid (0.20 g, 1.0 mmol, prepared according 
to the method described in Synthesis (1974) 724) yielding 0.22 g (44%). 

'H NMR (400 MHz; acctone-d^): 8 6.68-8.12 (m. 12 H), 5.94-6.05 (m. 2 H), 5.18 (s, 2 H), 
3.81-5.12 (m, 6 H), 2.30-2.54 (m, 2 H). 

(ii) Phrt.4-(-O^Hj -0-->Vn? S^CH(OHVCfOVAze-Pab X HQAc 

The title compound was prepared according to the method described in Example 15(iii) 
above from Ph(3.4-(-0-CH2-0-))-(R,S)CH(OH)-C{0)-Aze-Pab(Z) (0.1 1 g; 0.20 mmol; 
from step (i) above) yielding 72 mg (76%). 

'H NMR (500 MHz; D^O): 6 6.64-7.80 (m, 7 H), 5.91-6.01 (m, 2 H), 4.80-5.24 (m, 2 H), 
3.88-4.57 (m, 4 H), 2.1 1-2.84 (m, 2 H). 

"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 176.03, 175.70, 175.07, 174.82, 168.86. 

Example 39 

Phn-nMe:4.0 m^ .S^CHrOHVrfOVPro.Pah X HQAc 

PhrvoMe.4-r >m-rR s^CHroHVcrovPro-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-4-hydroxy-3-methoxyinandelic acid (0.40 g; 2.0 mmol) and H-Pro- 
Pab(Z) (0.76 g; 2.0 mmol; see Example 35(ii)) yielding 132 mg (12%). 
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'H NMR (400 MHz; CDCIj): 6 6.62-7.84 (m. 12 H). 5.20-5.25 (m, 2 H). 4.15-5.08 (m, 3 
H), 3.42-3.84 (m, 4 H), 2.91-3.25 (m, 1 H), 1.66-2.37 (m, 4 H). 

(ii) Phr-t.nMe.4.0HUR.S^CHfOHVaOV.Pro.Pab x HQAc 
The title compound was prepared according to the method described in Example 15(iii) 
above from Pb(3-OMe,4-OHHR,S)CH(OH)-C(0)-Pro-Pab(Z) (0.048 g; 0.09 mmol; from 
step (i) above) yielding 23 mg (55%). 

FAB-MS m/z 427 (M + 1)* 

'H NMR (400 MHz; D2O): 8 6.72-7.83 (m, 7 H), 5.42 (s, 1 H), 4.38-4.68 (m. 3 H), 3.55- 
4.10 (m, 4 H). 3.09-3.29 (m, 1 H). 1 .72-2.37 (m, 4 H). 

"C NMR (75.5 MHz; DjO) amidine and carbonly carbons: S 175.12, 173.25, 167.09. 
Example 40 

Ph^ s^rfEtvom-rrovPm.Pah x hoac 

(i) Ph^ S^rRtVOHVaOVPro-PahrZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S>2-hydroxy-2-pbenyl butanoic acid (0.36 g; 2.0 mmol) and H-Pio-Pab(Z) 
(0.76 g; 2.0 mmol; see Example 35(ii) above) yielding 57 mg (5%). 

FAB-MS m/z 543 (M + 1)* 

'H NMR (400 MHz; CDCI3): 5 7.24-7.88 (m, 14 H), 5.23 (s, 2 H). 4.44-4.81 (m, 3 H), 
2.98-3.25 (m, 2 H), 1.49-2.32 (m, 6 H). 0.85-0.95 (m, 3 H). 

(u) Ph-fR S^CfF.tVOHVCrOVPro-Pab x HQAc 

The title compound was prepared according to the method described in Example 1 5(iii) 
above from Ph-(R,S)C(EtXOH)-C(0)-Pro-Pab(Z) (0.055 g; 0.1 mmol; from step (i) above 
yielding was 34 mg (72%). 
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FAB-MS m/z 409 (M+1)* 

'H NMR (400 MHz; D^O): 87.33-7.82 (m. 9 H). 4.38-4.60 (m. 3 H), 3.19-3.71 (m, 2 H). 
1.54-2.34 (m, 6 H), 0.73-0.90 (m, 3 H). 

• "C NMR (75.5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 8 182.05. 176.42. 175.73. 175.59. 174.70. 174.47. 167.18. 



Pvaniple41 

rhn VtiiMrHP g^f^H^nHvrrnvA7f-Pah x HOAc 

,0 (i) ffi fjy^ <;.nin^i'thY'""'"'^^"'^ 

The sub-title compound was prepared according to the method described in Example 15(i) 
above from 3,5-dimethylbenzaldehyde (5.0 g: 37 mmol) yielding 2.8 g (42%). 

'H NMR (400 MHz; CDjOD): 8 7.05 (s. 2 H). 6.94 (s. 1 H). 5.04 (s, 1 H). 2.28 (s. 6 H). 

IS 

(ii)Phf? ^-iliM")-^ R^rHrom-TfOVAya-Pabfa 

The sub-titie compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3,5-dimethyteiandelic acid (0.27 g; 1.5 mmol; from step (i) above) yielding 
0.403 g (51%). 

20 

FAB-MS m/z 529 (M + 1)* 

'H NMR (500 MHz; CDCl,): 8 6.85-7.88 (m. 12 H). 5.22-5.26 (m. 2 H). 4.84-5.03 (m. 2 
H), 4.43-4.62 (m. 2 H), 3.57-4.13 (m, 2 H). 2.25-2.74 (m, 8 H). 

u (;;;> Phrt s-diMey p gv-HrnHvrrnVAze-PabxHQAc 

TTie title compound was prepared according to the method described in Example 15(ui) 
from Ph(3,5-diMeHR,S)CH(OH)-C(0>Aze.Pab(Z) (0.102 g; 0.194 mmol; from step (u) 
above) yielding 74 rag (84%). 



30 FAB-MS m/z 395 (M + 1)* 
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'H-NMR (400 MHz; D2O): 5 6.76-7.82 (m. 7 H), 4.80-5.27 (m, 2 H), 3.87-4.62 (m. 4 H), 
2.20-2.87 (m, 8 H) 

"C-NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 182.07, 175.60, 174.49. 174.37; 173.96, 173.23. 173.09, 173.05, 
172.93, 166.98. 166.90. 

Example 42 

Hlf-^-NH j-n? S^rHfOtrt-CmVAze-Pab x HOAc 

(;)Ph(i.>jn j^^s^rHrom-aovAze-Pabrz^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
from (R,S>3-nitiomandelic acid (0.30 g; 1.5 mmol) yielding 0.40 g (48%). 

LC-MSm/z545(M + l)* 

'H NMR (400 MHz; CDClj): 8 7.16-8.22 (m, 13 H), 5.18-5.23 (m, 2 H), 4.85-5.15 (m, 2 
H), 4.08-4.60 (m, 3 H), 3.65-3.81 (m, 1 H), 2.31-2.71 (m, 2 H). 

(ii) ph(VNmjVrR-S-irHrom.rrovAze.Pah x hoac 

The title compound was prepared according to the method described in Example 15(iii) 
from Ph(3-N02)-(R,S)CH(0H)-C(O>-Aze-Pab(Z) (0.102 g; 0.19 mmol; from step (i) 
above) yielding 0.074 g (89%). 

LC-MSm/z382(M + 1)* 

'H-NMR (400 MHz; 0,0): 6 6.58-7.82 (m, 8 H), 4.80-5.25 (m, 2 H). 3.60-4.60 (m, 4 H), 
2.12-2.88 (m, 2 H) 

"C NMR (75:5 MHz; DjO; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 181.96, 175.27. 174.25, 173.84, 173.19, 173.01, 166.93. 
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Pxample43 

Phf^Mf^yp s^rwnm-crnvA«-Pahx HOAc 

Anisole (0.030 g; 027 mmol) and trifluoromethiuiesulfoiiic acid (0.138 g; 0.92 mmol) was 
5 added to a mixture of Ph(3-N02HR,S)CH(OH)-C(0)-Aze.Pab(Z) (0.100 g; 0.18 mmol; 
see Example 42(i) above) and CH2CI2 (10 ml). The reaction mixture was stiired at room 
temperature for 1 0 minutes. HjO was added and the pH was adjusted to 9 with N^COj/aq. 
The CH2CI2 was removed in vacuo and the renuunii^ H20-layer was extracted widi 
diethylether (3 x 5 ml) followed by freeze drying. The crude product was subjected to 
10 preparative RPLC yielding 62 mg (60%) of the title compound after freeze drying. 

•h NMR (400 MHz; D2O): 6 7.38-8.31 (m, 8 H). 4.83-5.50 (m, 2 H). 4.03-4.57 (m, 4 H), 
2.17-2.86 (m, 2 H) 

"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
IS carbonyl carbons: 5 181.5. 173.84, 173.39, 173.15, 173.04, 172.96, 172.80, 166.85. 

Fxample 44 

PhrvMH^vrtt S^rwOHU:rOVPro.Pah X HOAc 

20 (i) £li(3JjQi.HR ,S)CH(OH)-CfO)-Pro'PabfZ) 

The sub-tide compound was prepared according to the method described in Example 3(ii) 
from (R,S)-3-nitiomandelic acid (0.30 g; 1.5 mmol) and H-Pro-Pab(Z) x 2 HCl (0.75 g; 
1.65mmol: see Example 35(ii) above) yielding 0.61 g (73%). 

25 LC-MSm/z560(M + l)* 

'H-NMR (400 MHz; CDClj): 5 7.26-8.23 (m, 13 H), 5.20-5.28 (m 3 H), 4.33-4.73 (m, 3 
H), 3.46-3.68 (m, 1 H), 2.92-3.14 (m, 1 H). 1.79-2J3 (m, 4 H) 
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(ii) PhrvNHJWR■S^rHr^H^.crovl>m.Pab x hoac 

The title compound was prepared according to the method described in Example IS(iii) 
from Ph(3-N02)-(R,S)CH(OH>C(0)-Pro-Pab(Z) (0.104 g; 0.19 mmol; from step (i) above) 
yielding 64 mg (76%). 

s 

LC-MSm/z396(M+l)* 

'H-NMR (400 MHz; DjO): 5 6.74-7.82 (m, 8 H), 5.34-5.40 (m. 1 H), 4.35-4.58 (m, 3 H), 
3.09-3.78 (m, 2 H). 1.75-2.35 (m, 4 H) 

"C-NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
10 carbonyl carbons: 5 182.04, 175.38. 175.18, 173.12, 173.04, 167.07 

Example 45 

Phn-NO^ VrR or S-lCHfOHVCmVPro-Pah x HOAc 

The tide compound was prepared according to the method described in Example 43 from 
IS Ph(3-N02)-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.117 g; 0.21 mmol; see Example 44(i) 
above). Some fractions were concentrated to give 23 mg (45%) of a compound with a 
diastereomeric ratio of >99:1. 

LC-MS m/z 424 (M - 1)"; 426 (M + 1)* 
20 'H-NMR (500 MHz; DjO): 5 7.31-8.35 (m, 8 H), 5.50-5.71 (m, 1 H), 3.64-4.57 (m, 4 H). 
3.24-3.32 (m, 1 H), 1.76-2.42 (m, 4 H) 

'^C NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 6 
175.21, 173.98, 172.58, 172.18. 167.12, 166.82 

2S (Earlier fractions were concentrated to give 22 mg (43%) of the epimer of the above 
compound with a diastereomeric ratio of >99:I). 
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Rxample 46 

Phn,4^.0.CHj ^-^WR.S^CHrOW.CrOVPro.Pab X HCl 

(i) Phn.4^^.CHi^-->WR.S^CHfOHVaQVPro-PabfZ^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3,4-methylenedioxymandelic acid (0.20 g, 1.0 mmol, prepared according 
to the method described in Synthesis (1974) 724) and H-Pro-Pab(Z) x 2 HCl (0.35 g; 0.91 
nunol; see Example 3S(ii) above) yielding 80 mg (16%). 

FAB-MS m/z 559 (M + 1)* 

'H-NMR (500 MHz; CDCI3): 8 6.69-7.89 (m, 12 H), 5.91-6.04 (m, 2 H), 4.30-5.28 (m, 2 
HX 3.00-3.61 (m, 6 H), 1 .95-2.35 (m, 4 H). 

(ii) Phr3.4-(-Q-CH2-0-)VrR.SlCHrQlT>-aOVPro-Pab x HCl 

The title compound was prepared according to the method described in Example l(v) 
above from Ph(3,4-(-0-CH2-0-))-(R,S)CH(OH)-C(0)-Pro-Pab(Z) (0.08 g; 0.14 mmol; 
from step (i) above) yielding 48 mg (73%). 

FAB-MS m/z 425 (M + 1)* 

'H-NMR (500 MHz; D2O): 8 6.81-7.85 (m, 7 H). 5.90-6.05 (m, 2 H), 5.33-5.44 (m, 1 H). 
4.37^.90 (m, 3 H), 3.62-3.77 (m, IH), 3.13-3.28 (m, 1 H), 1.80-2.36 (m, 4 H) 
"C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 8 175.37, 175.09. 173.66, 173.08, 173.00, 167.03. 
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F«aTnple47 

(.•> Phrr s^in^ s^THrnHvanvPTfyPahrT^ 
The sub'title compound was prepaied according to the method described in Example 3(ii) 
above from (R,S)-3,S-dilluoromandeIic acid (0.28 g; 1 .5 mmol) and H-Pro-Pab(Z) x 2 HCl 
(0.75 g; 1.65 mmol; see Example 35(ii) above) yielding 0.42 g (51%). 

LC-MS m/z 549 (M - 1)'; 551 ( M + 1)* 

'H-NMR (400 MHz; CDClj): 8 6.72-7.84 (m, 12 H), 5.22 (s, 2 H), 5.08 (s, 1 H), 4.34-4.73 
(m. 3 H), 3.41-3.60 (m, 1 H), 2.96-3.19 (m, 1 H), 1.80-2.34 (m, 4 H) 

(ii^ Phn S-diFVf R S^CHrOFn-CfOVPm-Pah X HOAc 

The title compoimd was prepared according to the method described in Example 15(iii) 
above from Ph(3,5.diF)-(R,S)CH(OH)-C(0).Pro-Pab(Z) (0.104 g; 0.19 mmol; from step (i) 
above) yielding 79 mg (88%). 

LC-MS m/z 415 (M - 1)'; 417 (M + 1)* 

'H NMR (400 MHz; DjO): 6 6.86-7.80 (m, 7 H), 5.50 (s, 1 H). 3.58-4.72 (m. 4 H), 3.19- 
3.32 (m, 1 H), 1.80-2.37 (m, 4 H). 

'^C NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 6 181.87, 175.21, 174.98, 174.12, 172.57, 172.12. 171.97, 167.10, 
165.24. 

Example 48 

Ph-TR^HrO-CHj -fR S^rHrOHVCHjOm-CrOVATe-Pah X HOAc 
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(R)-Mandelic acid (3.0 g, 19.7 mmol) was dissolved in DMF (50 ml) and cesium carbonate 
(3.21 g, 9.86 mmol) was added. The reaction mixture was stirred at room temperature 
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overnight The mixture was diluted with H2O (200ml) and the H^O-Iayer was extracted 
with EtOAc. After separation the organic layer was washed with NaCl/aq, dried (Na2S04) 
and evaporated. The yield of the sub-title comi)ound was 4.2 g (88%). 

5 LC-MS m/z 265 (M + Na)* 

*H-NMR (400 MHz; CDCI3): 5 7.17-7.44 (m. 10 H), 5.12-5.27 (m, 3 H) 

(ii) Ph-fR^C HfQ4::H ^>CH=CH2VCrQ;>QBn 

A mixture of Ph-(R)CH(OH)-C(0)OBn (1.0 g; 4.13 mmol; from step (i) above), 
10 ^ magnesium sulphate (0.1 g; 0.83 mmol) and silver (I) oxide (2.58 g; 1 1.2 mmol) in 
petroleum ether (bp 40-60°C; 25 ml) was stirred at room temperature m nitrogen 
atmosphere and darkness. Allyl bromide (0.75 g; 6.19 mmol) was added dropwise 
followed by silver (I) oxide (2.58 g; 1 1 .2 nunol) in two portions. The reaction mixture was 
stirred at room temperature overnight. The mixture was subsequently filtered through 
IS celite and the filtrate was evaporated yielding 1 .143 g (98%) of the sub-title compound. 

*H-NMR (500 MHz; CDCI3): 5 7.20-7.50 (m, 10 H), 5.89-5.99 (m, 1 H), 5.09-5.31 (m, 4 
H), 4.99 (s, 1 H), 4.03-4.1 1 (m, 2 H). 

20 (iii^Ph-m^cHr(vcH.-rR.s^cHrom-CH .om.aQ^QBn 

A mixture of Ph-<R)CH(O.CH2-CH=<:H2)-C(0)OBn (0.74 g; 2.62 mmol; from step (ii) 
above), N-methylmorpholine-N-oxide (0.425 g; 3.15 mmol) and osmium tetroxide (0.0027 
g; 0.01 mmol) in HjOiacetone (2:1; 10 ml) was stirred at room temperature for 2 days. 
Sodium pyrosulfite (1.5 g; 7.89 nmiol) was added and the mixture was stirred for 1 h. The 
25 reaction mixture was subsequently filtered through celite and the filtrate was evaporated. 
The yield of the sub-title compound was 0.5 1 g (62%). 

'H-NMR (400 MHz; CDCI3): 5 7.16-7.44 (m, 10 H). 5.09-5.20 (m, 2 H), 4.96 (s, 1 H), 
3.55-3.97 (m. 5 H). 
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(iv) Ph^K!WQ.CH; ^S^CHr43.CfCHj^^.CHj.^VCrO^OBn 
Ph-(R)CH(0-CH2-(R,S)CH(OH)-CH20H>C(0)OBn (O.Sl g; 1.61 mmol; from step (iii) 
above) was dissolved in acetone (20 ml). p-Toluenesulfonic acid mosohydrate (0.007 g, 
0.037 mmol) was added and the mixture was stirred at room temperature for 24 h. 
Potassium carbonate (0.09 g) was added and the reaction mixture was stirred at room 
tenq)erature for 1 h. The mixture was subsequently filtered through celite and the filtrate 
was evaporated yielding 0.5S9 g (97%) of the sub-title compound. 

'H-NMR (400 MHz; CDClj): 5 7.18-7.48 (m, 10 H), 5.01-5.21 (m, 3 H), 4.27-4.40 (m, 1 
H), 4.02-4.1 1 (m, 1 H), 3.76-3.90 (m, 1 H), 3.49-3.67 (m, 2 H), 1.34-1.41 (m, 6 H) 

(V) Ph-rR^CHro■CH;.fR■S^CH^o.C(CH J VO-CH ;^ -n-cro^OH 
Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)OBn (0.183 g; 0.51 mmol; from 
step (iv) above) was dissolved in ethanol (10 ml). Pd/C (5%; 0.09 g) was added and the 
reaction mixture was hydrogenated at atmospheric pressure for 1 h. The mixture was 
subsequently filtered through celite and the filtrate was evaporated yielding 0.137 g 
(100%) of the sub-title compound. 

LC-MSm/z265(M- 1)" 

'H-NMR (400 MHz; CD3OD): 8 7.28-7.48 (m. 5 H), 4.97 (s, 1 H), 4.25-4.35 (m, 1 H), 
4.01-4.09 (m, 1 H), 3.72-3.84 (m. 1 H), 3.43-3.65 (m, 2 H). 1.30-1.37 (m, 6 H) 



The sub-title compound was prepared according to the method described in Example 3(ii) 



above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-CXO)OH (0.165 g; 0.62 
mmol; from step (v) above) yielding 0.20 g (52%). 



(vi) Ph-m^CHfO-CHj.fRS^CHf-O.CrCH^VO-CHi-^VaOVAze-PabfZ^ 



LC-MS m/z 613 (M - 1)'; 615 (M + 1)* 

'H-NMR (500 MHz; CDCI3): 5 7.22-7.88 (m, 14 H). .' 12 (s. 2 H), 4.87-4.95 (m, 2 H), 
3.40-4.54 (m. 9 H), 2.36-2.76 (m, 2 H), 122-1.42 (m, 6 H). 
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(vii) Ph^^rHrO-CHj-flLS^ CHf-0-CfCHj>;-O^Hi.iVCfOVAze.Pab x HOAc 

The title compound was prepared according to the method described in Example I S(iii) 
above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)-A2e-Pab(Z) (0.20 g; 
0.325 mmol; from step (vi) above) yielding 179 mg (100%). 

LC-MS m/z 479 (M - 1)'. 481 (M + 1)* 

'H-NMR(500 MHz; DjO): 6 7.33-7.80 (m, 9 H), 4.81-5.31 (m, 2 H), 3.94-4.59 (m, 6 H), 
3.25-3.80 (m, 3 H), 2.16-2.88 (m, 2 H), 1.29-1.44 (ni, 6 H) 
'^C-NMR (75.5 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 181.99, 173.12, 172.93. 172.18, 166.84. 

(viii) Ph.fR^CWO-CHj-rR.SirHrom-CH,OHVCrOVA7.e.Pab X HOAc 
Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)-Aze-Pab x HOAc (0.094 g; 0.17 
nunol; from step (vii) above) was dissolved in H0Ac:H20 (4: 1 ; 1 0 ml) and the reaction 
mixture was stirred at room temperature for 24 h. The mixture was evaporated and the 
residue was dissolved in H2O and freeze dried. The yield of the title compoimd was 85 mg 
(100%). 

LC-MS m/z 439 (M - 1)'; 441 (M + 1)* 

'H-NMR (500 MHz; DjO): S 7.32-7.78 (m, 9 H), 4.81-5.28 (m, 2 H). 3.28-4.56 (m, 9 H). 
2.15-2.90 (m. 2 H) 

'^C-NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 179.14, 172.93, 172.89, 172.51, 171.96, 166.54. 

Example 49 

Ph^^HfO-CHj.rRS^CHrom-CH.^OHVCrOVPm.Pah x HOAc 



CO Ph-m^cHro-CHjrR,s^CHr.o-crrHjVO.CH.t-^vcrQVPro.Pabrz^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from Ph-(R)CH(O-CH2(R,S)CH(-O-C((3l3)2-O-CHi-))-C(0)OH (0.108 g; 0.4 
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mmol; see Example 48(v) above) and H-PFO-Pab(Z) x 2 HCI (0^02g; 0.46 inmol; see 
Example 35(ii) above), yielding 0.10 g (40%). 

LC-MS miz 627 (M - 1)"; 629 (M + 1)*; 651 (M + Na)* 

'H-NMR(500 MHz; CDCI3): 8 7.23-7.87 (m, 14 H), 5.03-5.27 (m, 3 H). 3.34-4.64 (m. 10 
H). 1.71-2.39 (m, 4 H), 1.23-1.41 (m, 6 H) 

(U) Ph.m^CHfQ.rHj-rR.S^CHf.O-CfCH^VQ.CHj-^VCfOVPro.Pab x HOAc 
The sub-title compound was prepared according to the method described in Example 
15(iii) above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CH3)2-0-CH2-))-C(0)-Pro.Pab(Z) 
(O.lOOg; 0.159 mmol; from step (i) above yielding 85 mg (96%). 

LC-MS m/z 493 (M - 1)', 495 (M + 1)* 

'H-NMR (500 MHz, DjO): 7.30-7.82 (m, 9 H), 5.22-5.38 (m, 1 H), 4.32-4.62 (m, 4 H). 
4.01-4.1 1 (m, I H), 3.22-3.83 (m, 5 H), 1.78-2.22 (m, 4 H), 1.33-1.44 (m,-6 H) 
"C-NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 8 181.47, 174.74, 173.53, 171.64, 171.50, 171.00, 170.94, 166.58. 

(iii) Ph-fR)CH(Q-CH2-fR.S)CHfQHVCH2QH>C(QVPrg-Pab x HQAc 
The title compound was prepared according to the method described in Example 48(viii) 
above from Ph-(R)CH(0-CH2-(R,S)CH(-0-C(CHj)2-0-CH2-))-C(0)-Pio-Pab x HOAc 
(0.038 g; 0.069 nmiol; from step (ii) above) yielding 35 mg (98%). 

LC-MS m/z 453 (M - 1)'; 455 (M + 1)* 

'H-NMR (500 MHz; D^O): 8 7.30-7.82 (m. 9 H), 5.20-5.38 (m, 1 H), 3.18-4.60 (m, 10 H), 
1.70-2.38 (m. 4 H) 

'^C-NMR (100.6 MHz; D2O; complicated due to diastereomers^tamers) amidine and 
carbonyl carbons: 8 180.26. 174.74, 173.47, 171.80, 171.26, 166.61. 
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Example SO 

Ph.ni or S^rm-Cf CH^V^>0-CH^,VCmVA7e.Pab x HOAc and 

The sub-title compound was prepared analogously to the method described in Example 
48(iv) above fix>m a-hydroxytropic acid (3.5 g; 20.35 mmol; prepared according to Guthrie 
et al. Can. J. Chem. (1991) 69. 1904) yielding 3.37 g (74%). 

10 *H-NMR (500 MHz; CDCI3 ): 6 7.30-7.65 (m, 5 H), 4.95 (d, 1 H), 4.10 (d, 1 H), 1.70 (s. 
3H),1.50(s,3H). 

(ii) s^cr-04:fCH^v^-Q-CH.^vrrovA7^-p^hr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
15 above from Ph-(R, S)C(rJa-aCH3)2=O^r)-C(O)OH-(0.25 g; 1.12 mmol; from step (i) 
above) yielding 0.30 g (53%). 

'H-NMR (400 MHz; CDCI3 ): 5 7.20-7.90 (m, 14 H), 5.22 (s, 2 H), 3.70-5.10 (m, 7 H), 
2.15-2.75 (m, 2 H), 1.40-1.65 (m. 6 H). 



(iii) Ph-TR or S)Cr-Q-C(CH^^-Q-CH.-VCrQVAze.Pab x HOAc and 

Ph-(S or R)Cr-0-CfCH^VQ-CH;^>VCrQVAze-Pab x HOAc 
A mixture of Ph-(R, S)C(-0-C(CH3)2-0-CH2-)-C(0)-Aze-Pab(Z) (0.30 g; 0.53 mmol; from 
step (ii) above), ammonium formate (0.30 g, 4.76 mmol), formic acid (3 drops) and Pd/C 
25 (5%, 0.30 g) in methanol (10 ml) was stirred at room temperature for 30 minutes. The 
reaction mixture was filtered through celite and the filtrate was evaporated The crude 
product (0.29 g) was subjected to preparative RPLC. Some fractions were concentrated to 
give 80 mg (35%) of compound 50A with a diastereomeric ratio >99: 1 . Later fractions 
were concentrated to give 80 mg (35%) of compound 50B with a diastereomeric ratio of 



20 



30 98:2. 
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Compound SOA: 
LC-MSm/z437(M+l)* 

'H NMR (400 MHz; CD3OD): 5 7.28-7.85 (m, 9 H), 3.70-4.95 (m, 7 H), 2.10-2.55 (m, 2 
H), 1.55(s.3H),1.50(s,3H) 
Compound 50B: 
LC-MSm/z437(M+l)* 

'H-NMR (400 MHz; CD3OD ): 5 7.25-7.80 (m, 9 H), 3.70-5.00 (m, 7 H), 2.25-2.45 (m, 2 
H), 1.60(s,3H),1.48(s,3H). 

Example 51 

Ph-rR or S^CfOmrCHjOHVCrOVAze-Pah x HCI and 
Ph.rS or R^rfOmrCHjOHVCfOVAze-Pab X HCl 

(i\ Ph-fR or S^CfOHVCHp m-CfOVA7i>.Pah X HCI 

Ph.(R or S)C(-0-C(CH3)2-0-CH2-)-C(0)-A2c-Pab x HOAc (0.060 g; 0.12mmol; 
compound 50A from Example 50 above) was dissolved in acetic acid (4 ml) and H2O (1 
ml) was added. The mixture was stined at room temperature overnight followed by stirring 
at 90°C for 6 h. HCl (cone.; 1 ml) was added and themixture was stined at room 
temperature for 5 minutes. The acetic acid and HCl were removed in vacuo in the presence 
of toluene and EtOH and the residue was dissolved in H2O (4 ml) and fieeze dried. The 
crude product was subjected to preparative RPLC to give 9 mg (16%) of the title 
compound. 

LC-MS m/z 395 (M - 1)\ 397 (M + 1)* 

'H-NMR (400 MHz; CD3OD): 6 7.20-7.85 (m, 9 H), 3.90-4.70 (m, 5 H), 3.30-3.70 (m, 2 
H), 2.00-2.65 (m. 2 H) 
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(in Phua nr R V-fOmrCH.tOm^fQVA2e.Pab X HCl 
The title compound was prepared according to the method described in step (i) above from 
Ph-{S or R)C(-0-C(CHj)2-0-CH2-)-C(0)-A2e-Pab x HOAc (0.060 g; 0.12nimol; 
' compound SOB from Example SO above) yielding 22 mg (40%). 

s 

LC-MSni/z397(M+l)* 

•H-NMR (400 MHz; CD3OD): 5 7.20-7.85 (m. 9 H). 3.90-4.75 (m, 6 H), 3.50-3.60 (m, I 
H), 2.10-2.50 (m, 2 H). 

10 Example 52 

Ph-m or s^rr-o-cfCHj VO-rHj-vaovPTo-Pah x hoac and 

Ph.fS nr R^rf-O-CfCH^yO-CHj-VCrOVPro-Pab x HOAc 

(i) Ph-ms^rr-o-crcH^yo-CHj-vaovPro-Pabrz^ 

IS The sub-title compound jvas prqMired according to-the method described in Example 3(ii) 
above from Ph-<R,S)C(-0-C(CH])2-0-CH2-)-C(0)OH (0.2S g; 1.12 mmol; see Example 
50(i) above) yielding 0.19 g (32%). 

FAB-MS m/z 585 (M + 1)* 
20 'H-NMR (400 MHz; CDCI3): 5 7.20-7.95 (m, 14 H), 5.25 (s. 2 H), 5.10-5.20 (m, 1 H). 
4.32-4.70 (m, 3 H), 3.65-3.95 (m, 2 H), 3.00-3.25 (m, 1 H), 1.30-2.35 (m. 10 H). 

(ii) Ph-rR or S>Cr-Q.CrCHj >;-O.CHj.VaOVPm.Pah x HOAc and 
PMR nr R^r.O-CrCH^VO.CHj.VaOVPro.Pab x HOAc 

23 The title compounds were prepared according to die method described in Example 50(iii) 
above from Ph-<R,S)C(-0-C(CHj)2-0-CH2.)-C(0)-Pro-Pab(Z) (0.37 g; 0.63 mmol; from 
step (i) above). Some fractions were concentrated to give 120 mg of compound 52A with a 
diastereomeric ratio >99: 1 . Later fractions were concentrated to give 120 mg of compound 
52B with a diastereomeric ratio of 98:2. 
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Compound S2A: 
LC-MSni/z451(M + l)* 

'H-NMR (400 MHz; CDjOD): 5 7.25-7.80 (m, 9 H), 4.35-5.05 (m, 4 H), 3.80-3.95 (m, 1 
H). 3.60-3.65 (m. 1 H), 3.00-3.10 (m. 1 H). 2.10-2.20 (m. 1 H), 1.75-1.90 (m, 3 H), 1.55 (s, 
3H).1.45(s, 3H). 
Compound S2B: 
LC-MSni/z451(M + l)* 

'H-NMR (400 MHz; CDjOD): 5 7.25-7.80 (m. 9 H), 4.40-5.10 (m. 4 H), 3.30-3.80 (m, 3 
H), 1.75-2.20 (m, 4 H). 1.50-1.55 (m, 6 H) 

Example 53 

Ph-n? nr s^rrofnrcHi nm-rrovi>ro.Pab x hci and 

Ph.rs or R^rromrCHjOHVCrOVPro-Pab x HCl 

(i) Ph^ nr S^rrOR>fCH jOm-rfOVPm.Pab X HCI 

The title compound was prepared according to the method described in Example 51(i) 
above from Ph-(R or S)C(-0-C(CHj)2-0-CH2-K:(0)-Pro-Pab x HOAc (0.060 g; 0.12 
mmol; compound 52A from Example 52 above) yielding 2 mg (2%). 

LC-MS m/z 409 (M - 1)', 41 1 (M + 1)* 

'H-NMR (400 MHz; CDjOD): 5 7.20-7.85 (m, 9 H), 4.40-4.60 (m, 3 H), 4.05-4.30 (m, 1 
H), 2.95-3.90 (m, 3 H), 1.60-2.20 (m, 4 H). 

(ii) Ph^S ftr RV^fOmrCHjOHVCfflVPro-Pab x HCl 

The title compound was prepared according to the method described in Example 51(i) 
above from Ph-(S or R)C(-0-C(CH3)2-(K:H2-)-C(0)-Pro-Pab x HOAc (0.060 g; 0.12 
mmol; compound 52B from Example 52 above) yielding 1 mg (1%). 

LC-MSm/z409(M- iy,41l (M+ I)* 
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•H-NMR (400 MHz; CDjOD): 5 725-7.85 (in,9 H). 4.40-4.65 (m, 3 H), 4.05-4.20 (m. 1 
H), 3.25-3.75 (m, 3 H). 1.40-2.20 (m, 4 H). 

Ryample 54 

PtuntvrrMevnm-rfnvPm-Pflh y Hn 
(n Ph4TtK:fMe vnHvrrnv.Pm.Pabfz^ 

The sub-title compound was prepared according to the method described ir Example 3Gi) 
above fiom (R)-(-)-2-hydFOxy-2-phenyIpropionic acid (0.20 g; 1.2 mmol) and H-Pro- 
Pab(Z) X 2 HCl (0.50 g; 1.1 mmol; see Example 35(ii) above) yielding 0.13 g (22%). 

'H-NMR (500 MHz; CDCI3): 6 7.18-7.87 (m, 14 H), 5.25 (s. 2 H), 4.37-4.61 (m. 3 H), 
3.03-3.19 (m, 2 H), 1.50-2.17 (m, 7 H) 

rin Ph.rRtr.rMevnm-rrovPm.pah X HCi 

The title compound was prepared analogously to the method described in Example l(v) 
above from Ph-(R)C(Me)(OH)-C(0)-Pro-Pab(Z) (0.13 g; 0.25 mmol; fiom step (i) above) 
yielding 94 mg (89%). 

FAB-MS m/z 395 (M + 1)* 

'H-NMR (500 MHz; DjO): 5 7.37-7.91 (m, 9 H), 4.33-4.61 (m, 3 H), 3.15-4.01 (m. 2 H), 
1.72-2.33 (m, 7 H) 

"C-NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 
176.06. 175.49, 174.88, 166.90 



# 




wo 97/02284 



PCT/5E96/00878 



Fxample ^1 

Ph-^s^CfMeVQfn>rrQVPro.Pflh V un 

ffl Ph-rS^CrMeVQHVCrOVPro-P;iW7^ 
5 The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (SH+)-2-hydroxy-2-phcnylpropionic acid (0.20 g; 1.2 mmol) and H-Pro- 
Pab(Z) X 2 HCI (0.50 g; 1.1 mmol; see Example 35(ii) above) yielding 0.19 g (33%). 

'H-NMR (500 MHz; CDCI3): 6 7.20-7.77 (m, 14 H), 5.22 (s. 2 H), 4.53-4.58 (m, 1 H). 
10 4.32-4.44 (m, 2 H). 3.13-3.38 (m, 2 H), 1.53-2.04 (m, 7 H). 

rm Ph-f S^CfMeVOm-CrOVPrn-Pah Y Hri 

The title compound was prepared according to the method described in Example l(v) 
above from Ph.(S)C(MeXOH).C(0)-Pro-Pab(Z) (0.12 g; 0.23 mmol; from step (i) above) 
IS yielding 80 mg (82%). 

FAB-MS m/2 395 (M+1)* 

"H-NMR (500 MHz; DjO): 6 7.35-7.84 (m. 9 H), 4.47-4.63 (m. 3 H), 3.30-3.70 (m, 2 H), 
1.60-2.29 (m, 7 H). 

20 "C-NMR (75.5 MHz; D2O; complicated due to rotamers) amidine and carbonyl carbons: 5 
175.58, 175.23, 174.79, 167.07. 

Example 56 

Phf3.4-diFVrR.S^CHrOHVCrOVPm.P«h V HPI 



(i^ Phf3.4^iFVn^S^CHrOHVrr QVPm-Pahr7^ 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3,4.difluon)mandelic acid (0.20 g; 1 .06 mmol) and H-Pro-Pab(Z) x 2 
HCI (0.53 g; 1.17 mmol; see Example 35(ii) above) yielding 445 mg (76%). 



2S 
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LC-MS m/z 549 (M - 1)*; 551 (M + I)* 

'H-NMR (400 MHz; CDClj): 5 6.98-7.74 (m, 12 H), 5.16-5.21 (m, 2 H), 5.06-5.01 (m, 1 
H), 4.22-4.56 (m, 3 H), 3.32-3.58 (m, 1 H). 2.88-3.12 (m, 1 H). 1.70-2.12 (m, 4 H). 

fii^ Phn.4^iFWR S^rWOHVCfOVPro-Pab x HCI 

The title compound was prepared according to the method described in Example l(v) 
above fiom Ph(3,4-diFHR,S)CH(OH)-C(0)-Pro-Pab(Z) (0.175 g; 0.31 mmol; from step (i) 
above) yielding 127 mg (88%). 

LC-MS m/z 417 (M + 1)* 

'H-NMR (400 MHz; CD3OD): 8 7.1 1-7.86 (m, 7 H). 5.37 (s, 1 H), 4.36-5.00 (m, 4 H), 
3.66-3.78 (m, 1 H), 1.80-2.31 (m, 4 H) 

"C-NMR (100.6 MHz; D2O; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 174.66, 174.40, 171.96, 171.82, 166.48. 

Example 57 

Ph-rR^CHf01f>.CrOVrR S^Picr4 -oxnVPflh X HOAc 
fi^ BQC.nt.S^Picr4.oxoVOCHj 

A mixture of Boc-(R,S)Pic(4-hydroxy)-OCH} (1.1 g; 4.25 mmol; prepared according to 
Gillard et al., J. Org. Chem., (1996) 61, 2226), PCC (1.8 g; 8.5 mmol) and molecular 
sieves (powdered; 3 A; 1 .0 g) in CH2CI2 (20 ml) was stirred at room temperature for 4 h. 
Diethyl ether (60 ml) was added and the reaction mixture was filtered through a short silica 
gel column eluted with EtOAc:Hexane (1:1). The filtrate was evi^rated yielding 1.0 g 
(92%) of the sub-title compound. 



FAB.MSm/z258(M + l)* 

'H-NMR (500 MHz; CDCI3): 5 4.75-5.20 (m, 1 H), 3.55-4.15 (m, 5 H), 2.40-2.90 (m. 4 H). 
1.30-1.65 (m. 9 H) 
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(ii) H-{R,SlPic(4>QX0VQCHi 
Boc-(R,S)Pic(4-oxo)-OCH3 (0.48g; 1.87 mmol; from step (i) above) was treated with 
trifluoroacetic acid in CH2CI2 (50%, 4 ml) at room temperature for 30 minutes. The 
reaction mixture was evaporated and the residue was dissolved in CH2CI2, washed with 
s Na2C03/aq, dried (K2CO3) and evaporated. The yield of the sub-title compound was 0.23 
g(78%). 

*H-NMR (500 MHz; CDCI3): 6 3.65-3.80 (m, 4 H), 3.30-3.40 (m, 1 H). 2.90-3.00 (m, 1 H), 
2.30-2.70 (m, 4 H). 

10 

(iu) Ph-m^WQTBDMSVrrQVrR S>Picr4-oynVnrR^ 

The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from H-(R,S)Pic(4-oxo)-OCH3 (0.22 g; 1.4 mmol; from step (ii) above) and Ph- 
(R)CH(OTBDMS)-C(0)OH (0.372 g; 1.4 mmol; prepared according to the method 
15 described in Hamada et al J. Am. Chem. Soc. (1989)111^ 669) yielding 288 mg (51%). 

FAB-MS m/z 406 (M + 1)* 

*H-NMR (500 MHz; CDCI3): 5 7.20-7.50 (m, 5 H), 5.25-5.70 (m, 2 H), 4.15-4.75 (m, IH), 
3.20-3.80 (m, 4 H), 2.00-2.90 (m, 3 H), 1.30-1.65 (m,l H), 0.85-1.15 (m.9 H), 0.10-0.35 
20 (m, 6 H). 

fiv^ Ph>fR^cwQTBDMSvrrnwR sfflcrdw.vn^>nH 

A mixnire of Ph-(R)CH(OTBDMS).C(0)-(R,S)Pic(4-oxo)-OCH3 (0.28 g; 0.69 mmol; 
from step (iii) above) and a solution of lithium hydroxide (2 M, 10 ml) in THF (10 ml) was 
25 stirred at room temperature for 1.5 h. The THF was removed in vacuo^ the residue was 
acidified (pH 2) with KHSO4 (2 M) and extracted with EtOAc. The organic layer was 
washed with H2O, dried (MgS04) evaporated. The yield of the sub-title compound 
was 0.24 g (89%). 
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30 FAB-MS m/2 392 (M + 1)" 
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'H-NMR (400 MHz; CDClj): 6 720-7.55 (m, 5 H), 5.15-5.75 (m, 2 H), 4.10-4.30 (m, 1 H), 
3.20-3.80 (m. 1 H), 2.05-3.00 (m, 4 H), 1.35-1.55 (m, 1 H), 0.90-1.05 (m, 9 H), 0.10-025 
(m.6H) 

5 MPh.rRV:WQTRr>MSVCrQ^.fRS^PiW4.ovoVPahf7^ 

The sub-title compound was prepared analogously to the method described in Example 
l(ii) above from Pb-(R)CH(OTBDMS)-C(OHR,S)Pic(4-oxoK>H (0.227 g; 0.58 mmol; 
from step (iv) above) yielding 92 mg (24%). 

10 FAB-MS m/z 657 (M + 1)* 

'H-NMR (500 MHz; CDCI3): 8 6.90-7.90 (m, 14 H), 5.10-5.80 (m, 4 H), 3.60-4.70 (m, 3 
H), 2.10-3.20 (m, 4 H), 1.40-1.70 (m,l H). 0.80-1.10 (m. 9 H), 0.00-0.25 (m, 6 H). 

(vi) Ph-(R)CHfQH>C(QV(R.S)Pic(4-oxQ)-Pab(Z) 

IS The sub-title compound was prepared anaiogously-to the method described in step (ii) 
above from Ph-(R)CH(OTBDMS)-C(0)-(R,S)Pic(4-oxo)-Pab(Z) (0.09 g; 0.14 mmol; from 
step (v) above) yielding 61 mg (82%). 

FAB-MS m/z 543 (M + 1)* 
20 'H-NMR (500 MHz; CDClj): 5 6.95-7.90 (m. 14 H), 5.00-5.55 (m, 4 H), 3.95-4.70 (m, 2 
H), 320-3.70 (m, 2 H), 1 20-2.80 (m, 4 H) 

(vii) Ph-fRy:Hrom-rro>-rR sfficr4 ^xoVPab x hoac 

The title compound was prepared according to the method described in Example 1 5(iii) 
25 above from Ph-(R)CH(OH)-C(0)-(R,S)Pic(4-oxo)-Pab(Z) (0.061 g; 0.1 1 mmol; from step 
(vi) above) yielding 46 mg (90%). 



30 



LC-MS m/z407 (M - 1)'; 409 (M + 1)* 

'H-NMR (400 MHz; DjO): 5 7.20-7.85 (m, 9 H), 5.00-5.80 (m, 2 H), 4.35-4.55 (m, 2 H), 
3.40-4.05 (m, 2 H), 1.80-3.10 (m, 4 H) 
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Example 58 

Ph-m^rHrom-CfOVrR nr S-lPicf4.fnethv1eneVPab x HQAc and 
Ph,rR^rWQm>CrOWS o r R^Picf4-methvleneVPab x HQAc 

5 

(i) finr^ S^P»gf4,niethvleneVQCH^ 

Methyltriphenylpbosphonium bromide (2.68 g; 7.5 mmol) was dried under vacuum for 20 
minutes and vvas then suspended with diy THF (20 ml) at OX. Butyllithium ri .6 N in 
hexane; 4.7 ml; 7.5 mmol) was added dropwise and the mixture was stirred at room 

10 temperature for 30 minutes. The reaction mixture was cooled to -78X and Boc- 
(R,S)Pic(4-oxo)-OCH3 (1 .3 g; 5.0 mmol; see Example 57(i) above) was added The 
reaction mixture was stinred at -78X for 30 minutes followed by 2 h at room temperature. 
Ammonium chloride was added to the reaction mixture and after separation the H20-layer 
was extracted twice with diethyl ether. The combined organic layer was dried and 

IS evaporated to give a crude product which-was purified by flash chromatography eluting 
with EtOAc:Hexane (30:70) to give 480 mg (37%) of the sub-title compound. 



FAB-MS m/z 256 (M + 1)* 

'H NMR (500 MHz; CDCI3): 6 4.70-5.10 (m, 3 H), 3.95-4.15 (m, 1 H). 3.70 (s, 3 H), 2.10- 
20 3.10 (m. 5 H), 1.35-1.60 (m, 9 H). 



r»n H-m S^PicM^methvleneVOCH^ 

Boc-<R,S)Pic(4-methylene)-OCH3 (0.48 g; 1.88 mmol; fix>m step (i) above) was treated 
with trifluoroacetic acid (50% in CH2CI2. 6 ml) at room temperature for 40 minutes. The 
25 reaction mixture was evaporated and the residue was dissolved in CH2CI2, washed with 
NajCOj (saturated), dried (K2CO3) and evaporated. The yield of the sub-title compound 
was 027 g (95%). 

'H-NMR (500 MHz; CDCI3): 5 4.70-4.85 (m, 2 H), 3.75 (m, 3 H), 3.35-3.45 (m, 1 H). 
30 3.15-3.25 (m, 1 H), 2.55-2.70 (m, 2 H), 2.10-2.30 (m, 3 H) 
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(Ui) Ph^^rHrOTBPMSVC!rOWRSM>icr4.methvleneVQCHj 
The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from Ph-(R)CH(OTBDMS)-C(OPH (0.37 g; 1.4 mmol; prepared according to 
s the method described in Hamada et al J. Am. ChenL Soc. (1989) 1 11. 669) and H- 
(R,S)Pic(4-methylene)-OCH3 (0.21 g; 1.4 mmol; from step (ii) above) yielding 0.283 g 
(52%). 

FAB-MS m/2 404 (M+1)* 
10 'H-NMR (500 MHz; CDCI3): 6 7.25-7.55 (m. 5 H), 5.1 5-5.70 (m, 2 H), 4.20-4.85 (m, 3 H), 
3.65-3.75 (m, 3 H), 1.90-3.20 (m, 5 H). 0.90-1.10 (m, 9 H), 0.10-0.30 (m, 6 H). 

fivlPh^^CHrOTBDMSVCfOWRS^P.cr 4-methvleneVOH 

The sub-title compound was prepared according to the method described in Example 57(iv) 
IS above from Ph-(R)CH(0TBDMS)-C(0)-(R,S)Pic(4-methylene)-0CHj (0.28 g; 0.69 mmol; 
from step (iii) above) yielding 0.24 g (89%). 

FAB-MS m/z 390 (M +1)* 

•H-NMR (500 MHz; CDClj): 6 7.15-7.50 (m, 5 H), 5.15-5.95 (m, 2 H), 3.55-5.00 (m, 3 H). 
» 1.75-3.25 (m, 5 H), 0.85-1.05 (m, 9 H), 0.10-0.25 (m, 6 H). 

rv^Ph-rR^CHfOTBDMSVCrOWR.S^P.cr4-TnethvleneVPahr7.^ 
The sub-title compound was prepared analogously to the method described in Example 
3(ii) above from Ph-(R)CH(OTBDMS)-C(0)-(R,S)Pic(4.methylene)-OH (0.235 g; 0.6 
2s mmol; from step (iv) above) and H-Pab(Z) x HCl (0.21 1 g; 0.66 mmol) yielding 0.124 g 



(35%). 



FAB-MS m/z 655 (M+1)* 

'H-NMR (500 MHz; CDCI3): 5 7.10-7.90 (m, 14 H). 5. ^ ?-5.70 (m, 4 H), 4.10-5.05 (m, 4 
30 H). 1.75-3.05 (m. 6 H). 0.80-1.10 (m. 9 H), 0.00^.25 (m, 6 H). 
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^vi^Ph^^rHrnHVrfQWRSfficr4-inethvleneVPabfZ^ 

The sub-title compound was prepared analogously to the method described in Example 
57(vi) above fiom Ph-(R)CH(0TBDMS)-C(0HR.S)Pic(4.methylene)-Pab(Z) (0.08 g; 
s 0.12 mmol; from step (v) above) yielding 0.06 g (91%). 

LC-MSm/z541(M+l)* 

'H-NMR (SOO MHt; CDjOD): 5 7.15-7.90 (m, 14 H), S.20-S.80 (m. 4 H), 4.3S-4.90 (m, 4 
H), 3.70-4.15 (m, 1 H), 3.20-3.40 (m, 1 H), 1.10-2.90 (m. 4 H). 

10 

(vu) Ph-rRV^WOHVCfOWR or S^Picr4-inethvleneVPab x HOAc and 

Ph-mV-HfOHVCfOWS or R^Picr4.inethvleneVPah x HOAc 
A mixture of Ph-(R)CH(0H)-C(0)-(R,S)Pic(4-methylene)-Pab(Z) (0.035 g; 0.065 mmol; 
fiom step (vi) above), ammonium acetate (0.50 g, 7.4 mmol) and imidazole (0.20 g; 3.0 
IS mmol) in methanol (5 ml) was stirred at 60°C overnight. The reaction mixture was 
evaporated and the residue was subjected to preparative RPLC. Some fiactions were 
concentrated to give 1 .8 mg of compound 58B. Later fiactions were concentrated to give 7 
mg of compound 58A. 



20 Compound S8A: 

LC-MS m/z 405 (M - 1); 407 (M + 1)* 

*H-NMR(400 MHa; DjO): 6 7.15-7.80 (ra, 9 H), 5.65-5.70 (m, 1 H), 4.80-5.25 (m, 1 H), 
4.45-4.60 (m, 2 H), 3.60-4.00 (m, 2 H), 1.30-3.30 (m, 6 H). 
Compound 58B: 
25 LC-MS m/z 407 (M + 1)* 

'H-NMR (400 MHz; DjO): S 7.30-7.80 (m, 9 H), 5.45-5.75 (m, 1 H), 4.80-5.20 (m, 1 H). 
4J5-4.70 (mi, 3 H), 3.75-3.90 (m, 1 H). 1.70-3.05 (m. 6 H) 



30 



wo 97/02284 



PCT/SE96y00878 



88 

Fyaitiple S9 

Phn.rn.m.s^CHroHvrfovA7i..Pah « hoac 

fi^ m.SV3.aitoromandelic acid 

The sub-title compound was prepared according to the method described in Example lS(i) 
above from 3-chlorobenzaldehyde (7.03 g; SO mmol) yielding 2 g (21%). 

LC-MS xalz 185 (M - l) , 370 (2M - 1)" 

'H NMR (400 MHz; CDjOD): 6 7.28-7.51 (m, 4 H), 5.14 (s, 1 H). 

(ii) Ph(3-ClHR.S)CHfflHK:(0)-ATO-PaK?^,) 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-chloromandelic acid (0.149 g; 0.8 mmol; from step (i) above) yielding 
0.30 g (70%). 

'H-NMR (500 MHz; CDCI3): 5 7.08-7.84 (m, 13 H), 5.18-5.24 (m, 2 H), 4.86-5.01 (m, 2 
H), 4.02-4.56 (m, 3 H), 3.57-3.76 (m, 1 H), 2.30-2.72 (m, 2 H). 

(iii) Phr3-ClWR.S^CHfOHVCrOVA7g-Pahx HOAc 

The title compoimd was prepared according to the method described in Example 43 above 
from Ph(3-Cl)-(R,S)CH(0HK(0)-Aze-Pab(Z) (0.10 g; 0.19 mmol; from step (ii) above) 
yielding 55 mg (63%). 

LC-MS m/z 399 (M - 1)", 401 (M + I)* 

'H-NMR (400 MHz; DjO): 5 7.10-7.85 (m. 8 H). 4.82-5.37 (m. 2 H), 3.96-4.79 (m, 4 H), 
2.14-2.85 (m, 2 H) 

'^C NMR (100.6 MHz; D2O; complicated due to diastereomers/iotamers) amidine and 
caibonyl carbons: 5 174.00, 173.17. 172.83, 172.61, 166.59. 
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Fxample 60 

The sub-title compound was prepared according to the method described in Example 3(ii) 
above from (R,S)-3-chloro-4-hydroxymandelic acid (0.2S g; 1.23 mmol) and H-Pro-Pab(Z) 
X 2 HCI (0.615 g; 1.35 mmol; see Example 35(ii) above) yielding 382 mg (55%). 

LC-MSm/2 564(M-l)' 

'H-NMR (400 MHz; CD3OD): 8 6.80-7.85 (m, 12 H), 5.16-5.25 (m, 3 H), 4.35-4.51 (m. 3 
H), 3.45-3.75 (m, 1 H), 3.07-3.42 (m, 1 H), 1.72-2-18 (m. 4 H). 
^^C NMR (100.6 MHz; CD3OD; complicated due to diastereomers/rotamers) amidine and 
carbonyl carbons: 5 174.62, 174.27, 173.02, 172.88, 170.41, 165.04. 

rii^ Phr3^C!.4-OHVrR.S^CH(Om>CrOVPm-Pah X HCI 

The title compound was prepared analogously to the method described in Example 43 
above from Ph(3-Cl,4-OHXR,S)CH(OH)-C(oVPn>-Pab(Z) (0.10 g; 0.177 mmol; from 
step (i) above), trifluoroacetic acid (3.7 ml; 48 mmol) and thioanisole (1.04 ml; 8.85 mmol) 
yielding 57 mg (70%). 

LC-MSm/z431(M+l)* 

*H NMR (500 MHz; D^O: 5 6.84-7.86 (m, 7 H), 5.29-5.42 (m, 1 H), 4.30-4.68 (m, 3 H), 
3.05-4.05 (m, 2 H), 1.70-2.37 (m, 4 H). 

Example 61 

The title compounds of Examples 1 to 60 were tested in Test A above and were all found to 
exhibit an IC50TT value of less than 0.3fiM« 
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Abbreviations 



aq = 


aquemis 


A2e = 


azeti(fine-2-caiboxyUc acid 


Boc = 


tert-butyloxycaibonyl 


Bn = 


benzyl 


Bu» 


butyl 


Ch = 


cyclohexyl 


DCC = 


dicyclohexylcaibodiimide 


DIPEA = 


diisootODvlethylaniine 


DMAP = 


N N-dimethvlaminoDvridiiie 


DMF = 


dimethylformamide 


EDC = 


l-(3-dimethylammopropyl)-3-ethylcarbodiimide hydrochloride 


Et = 


ethyl 


EtOH = 


ethanol 


h = 


hours 


HCl = 


hydrochloric acid 


HOAc = 


acetic acid 


HOSu = 


N-hydroxysuccinimide 


H-Dig = 


1 -amidino-S-aminocthylazetidinc 


H-Dig(Z) = 


3-aminoethyl-l-<N-ben2yloxycarboDylamidiiio)a2etidine 


H-ffig = 


1 -amidino-3-aininoethylpyiTolidinc 


H-Hig(Z) = 


3-aminoethyl- 1 -(N-benzy loxycarbonylamidino)pyiTolidine 


H-Pac = 


1 •amidino'4-aminoinethylcy clohexane 


H-Pac(Z) = 


4-aminomcthyl-l-(N-beii2yloxycaibonylamidino)cyclohexane 


H-Pic = 


pipecolinic acid 


H-Pig = 


1 -anudiiio-3*ainiDomethy Ipiperidine 


H-Pig(Z) = 


3.aiomomethyl-l-(N-benzyloxycarbonylaniidiDo)piperidine 


H-Pab = 


1 -amidino-4-aimnomethyIben2sne 


H-Pab(Z) = 


4.aininomethyl-l •<N-ben^loxycarbonylaxiudino)baizene 
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PCC - pyridinium chlorochromate 

HPLC = high perfoimance liquid chromatogn^hy 

Mc = methyl 

Ph = phenyl 

5 RPLC= reverse phase high perfoimance liquid chromatography 

Su= succinimide 

TBDMS = tert-butyldimetfaylsilyl 

TBTU = [NJ^I^^-tetramethyl-0-(ben20t^ia2oI-l -yl)uronium tetrafluoroboiate] 

THF= tetrahydrofiiran 

10 THP= tetiahydropyranyl 

TMS= trimethylsayl 

WSa= water soluble carbodiimide 

Z = benzyloxycarbonyl 



IS 



Prefixes n, s, i and t have their usual meanings: normal, iso, secondary and tertiary. The 
stereochemistry for the amino acids is by default (S) if not otherwise stated 
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Claims 

1 . A compound of formula I, 




>vherein 

p and q independently represent 0, 1 , 2» 3 or 4; 

represents H, 2,3-epoxypropyl, Ci^ alkyl (which latter group is optionally substituted or 
terminated by one or more hydroxy group), a structural fragment of formula la 




la 



wherein A* represents a single bond or C|^ alkyiene and represents H or C,^ alkyl, 
provided that there are no more than six carbon atoms in the chain R'-C-C-A\ or, \^en p 
represents 0, together with R^ represents a structural fragment of formula lb, 

CH3 
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wherein represents H or C1.3 alkyl; 

rqjiesents H, Si(Me)3, naphthyl, indolyl, CHR^'R^ or C|^ alkyl (^^ch latter group is 
optionally substituted or terminated by one or more fluorine or hydroxy group) or C^^ 
cycloalkyi or phenyl (which latter two groups are optionally substituted by one or more of 
s C|^ alkyl, C]^ alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, tiifluoromethyl, 
N(H)R^, CX0)0R^* ), or, when p represents 0, together with R' represents a structural 
fragment of formula lb; 

R^ represents H, Si(Me)3, naphthyl, indolyl, CHR^R" or Ci^ alkyl (which latter group is 
optionally substituted or terminated by one or more fluorine or hydroxy group) or 
10 cycloalkyi or phenyl (which latter two groups are optionally substituted by one or more of 
alkyl, C|^ alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, trifiuoromethyl, 
N(H)R^^orC(0)OR^; 

R^\ R^, R^ and R^^ independently represent cyclohexyl or phenyl; 
R^ and R^' independently represent H, C,^ alkyl or C(0)R^; 
15 R^\ R^^ and R^ independently represent H or C,^ alkyl; 

R^ represents H or alkyl; 

Y represents C1.3 alkylene optionally substituted by alkyl, hydroxy, methylene or 0x0; 
20 n represents 0, 1, 2, 3 or 4; and 

B represents a structural fragment of formula IVa, IVb or IVc 




IVa IVb IVc 
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wherein 

represents H, halo or Cm alkyl; and 

and independently represent a single bond or CH2; 

5 provided that when R', R^ and R* all represent H, p represents 0. Y represents (CH^, n 
represents 1 and: 

(a) R^ represents unsubstituted phenyl and> 

(i) B represents a structural fiagment of formula IVa and R^ represents H, then q does 
not represent 0 or 1; and 
10 (ii) B represents a structural fragment of formula IVb and X' and X^ both represent 
CH2, then q does not represent 0; and 

(b) R^ represents unsubstituted cyclohexyl, B represents a structural fragment of formula 
IVa and R^ represents H, then q does not represent 0; 

15 or a pharmaceutically acceptable salt thereof. 

2. A compound as claimed in claim 1 herein n represents 1 when B represents a structural 
fragment of formula FVa, IVc or IVb in which latter fi-agment X' and X^ both represent 
CHj. 

20 

3. A compound as claimed in claim 1 wherein n represents 2 when B represents a structural 
fragment of fonniila IVb in which fragment X' represents a single bond and X^ represents 
either a single bond or CHj. 

25 4. A compound as claimed in claim 1 or claim 2 >^erein R^ represents H when B represents 
a structural fragment of formula IVa. 

S. A compound as claimed in any one of claims 1 to 4 ulierein R^ represents H. 



30 6. A compoimd as claimed in any one of claims 1 to 5 wherein p represents 0. 
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7. A compound as claimed in any one of claims 1 to 6 v^erein Y represents CH2, (CH^ 
(CH2)3, CH2CH(CH3)CH2, CH2C(=0)CH2or CH2C(=CH2)CH2. 

5 8. A compound as claimed in claim 7 herein Y represents CH2» (CH{)2 or 
CH2C(=CH2)CH2. 

9. A compound as claimed in any one of claims 1 to 8 ^^iierein R' represents H, methyl, 23* 
dihydroxypropyl or (2,2-dimethyH»3-dioxalan-4-yl)methyl. 

10 

10. A compound as claimed in claim 9 wherein represents H. 

1 L A compound as claimed in any one of claims 1 to 10 herein q represents 0, 1 or 2. 

15 12. A compound as claimed in claim 1 1 wherein q represents 0. 

13. A compound as claimed in any one of claims 1 to 12 wherein R^ represents H, optionally 
substituted alkyl or optionally substituted phenyl. 

20 1 4. A compoimd as claimed in claim 1 3 wherein, vAicn R^ represents optionally substituted 
Ci^ alkyl, the optional substituent is hydroxy. 

1 5. A compound as claimed in claim 14 wherein when the hydroxy group is attached to the 
carbon atom which is a to the carbon atom to which OR' is attached. 

25 

16. A compound as claimed in claim 13 wherein R^ represents H, methyl, hydroxymethyl or 
ethyl. 



17. A compound as claimed in any one of claims 1 to 16 wherein R^ represents 
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C,^ alkyl, naphthyl, indolyl. optionally substituted cyclohcxyl or optionally substituted 
phenyl. 

18. A compound as claimed in claim 17 wherein represents optionally substituted phenyl 
or optionally substituted cyclohexyl. 

19. A compound as claimed in any one of claims 1 to 18 wherein Y represents CHj or 
CH2C(=CH2)CH2 when and R^ botii represent H, R^ represents unsubstituted phenyl or 
unsubstituted cyclohexyl and q represents 0 or 1 . 

20. A compound as claimed in any one of claims 1 to 18 wherein R^ represents methyl, 
hydroxymetiiyl or etiiyl when R* represents H, R^ represents unsubstituted phenyl or 
unsubstituted cyclohexyl and q represents 0 or 1 . 

21 . A compound as claimed in any one of claims 1 to 20 wherein R^ is substituted by one or 
more of hydroxy, fluoro, chloro, methyl, metiioxy, amino, nitro, trifluoromethyl, 
methyienedioxy, ethoxy or propoxy, when it represents optionally substituted phenyl or 
optionally substituted cyclohexyl . 

22. A compound as claimed in claim 21 herein R^ is substituted by one or more of 
hydroxy, mono- or difluoro, chloro, methyl, methoxy or methyienedioxy. 

23. A compound as claimed in any one of claims 1 to 22 wherein Y represents CH2. 

24. A compound as claimed in any one of claims 1 to 23 v/bemn B represents a strucniral 
fragment of formula IVa. 

25. A compound as claimed in any one of claims 1 to 24 wherein tiie a-amino acid carbon in 
the fragment 
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is in the S-configuiation. 

26. A compound as claimed in any one of claims 1 to 25 v^erein. when R' and both 
represent H and p represents 0, the a-carbon in the fragment 

O 



27. A compound as claimed in claim I «Mch is: 

Ch-{R,S)CH(OH)-C(0>-A2e-Pab; 

Ch-(R)CH(OH)-C(0)-Aze-Pab; 

Ph-(R)CH(0H>C(0)-A2e-Pab; 

Ph(3-MeHR^X^H(0HK(0>Aze-Pab; 

Ph(3-OMcHR^)CH(OHHXO>A28-Pab; 

Ph{3>diOMeHR^)CH(OH)-C(0)-Aze-Pab; 

Ph(3-OMe,4-OHHR^)CH(OH)-C(0)-Aze-Pab; 

Ph<R^)C(EtX0HHX0>-A2e-Pab; 

Ph-(R.S)C(EtXOHK(0)-Pro-Pab; 

(Ph)2C(OHK(0>A2e-Pab; 

Ph(3^Me.4-OHHR,S)CH(OH)-C(0)-Pro-Pab; 
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Ph-(R)CH(0H>C(0)-A2e-Pac: 

Ph-(R)CH(OH>C(0)- (R,S)Pic(cM-4-Me)-Pab; 

Ph(3.4-{-0-CH2-0-))-(R.S)CH(OH)-C(0)-Aze-Pab; 

Ph(3-OMeHR,S)CH(OH>C(0>Pro-Pab; 
5 Ph(3,5-diOMe)-(R,S)CH(OH)-C(0>Pio-Pab; 

Ph-(R,S)CXMeXOH)-C(0)-Aze-Pab; 

Ph(3^-diMeHR,S)CH(0H)-C(0)-Aze-Pab; 

Ph(3-NH2)-(R,S)CH(OH)-C(0)-A2e-Pab; 

Ph(3-NH2HR,S)CH(OH)-C(0)-Pro-Pab; 
10 Ph(3-N02)-(R,S)CH(OH)-C(0)-Pro-Pab; 

Ph(3,4-(-0-CH2-0-)HR.S)CH(OH)-C(0>Pro-Pab; 

Ph(3,5-diF)-(R,S)CH(OH)-C(0>Pro-Pab; 

Ph-(R)CH(0-CH2-(R.S)CH(-0-C(CHj)2-O.CH2-))-C(0)-Aze-Pab; 

Ph-(R)C(MeXOH>C(0)-Pro-Pab; 
15 Ph-(S)C(MeXOH>C(0)-Pro-Pab: 

Ph(3,4-diFHR,S)CH(OH)-C(0)-Pro-Pab; 

Ph-(R)CH(0H)-C(0HR,S)Pic{4-methylene).Pab; 

Ph(3-Cl)-(R,S)CH(0H)-C(0)-Aze-Pab; 

Ph-(R,S)C(-0-C(CH3)2-0-CH2-)-C(0)-Aze-Pab; 
20 Ph-(R,S)C(.0-C(CH3)2-0-CH2->C(0)-Pn)-Pab; 

Ph-(R,S)C(CH20H)(0H)-C(0)-Aze-Pab; or 

Ph.(R,S)C(CH20H)(OH)-C(0)-Pro-Pab. 

28. A phaimaceutical fonnulation including a compound as defined in any one of claims 1 to 
25 27, or a phannaceutically-acceptable salt thereof, in admixture with a phaimaceutically- 

accq)table adjuvant, diluent or carrier. 

29. A compound as defined in any one of claims 1 to 27, or a pharmaceuticaliy-acceptable 
salt thereof, for use as a pharmaceuticai. 



30 



wo 97/02284 PCT/SE96/00878 

99 

30. A compound as defined in any one of claims 1 to 27, or a phaimaceuticaily-acceptable 
salt thereof, for use in the treatment of a condition where inhibition of thrombin is required 



3 1 . A compound as defined in any one of claims 1 to 27, or a phannaceuticaily acceptable 
salt thereof, for use in the treatment of thrombosis. 

32. A compound as defined in any one of claims 1 to 27, or a pharmaceutically acceptable 
salt thereof, for use as an anticoagulant. 

33. The use of a compound as defined in any of one claims 1 to 27, or a pharmaceutically 
acceptable salt thereof, as active ingredient in the manufacture of a medicament for the 
treatment of a condition where inhibition of thrombin is required. 

34. Use as claimed in claim 33, herein the condition is thrombosis. 

35. Use of a compound as defined in one any of claims 1 to 27, or a pharmaceutically 
acceptable salt thereof, as active ingredient in the manufacture of an anticoagulant. 

36. A method of treatment of a condition where inhibition of thrombin is required which 
method comprises administration of a therapeutically effective amount of a compound as 
defined in any one of claims 1 to 27, or a pharmaceutically acceptable salt thereof, to a person 
suffering from, or susceptible to, such a condition. 

37. A method as claimed in claim 36, wherein the condition is thrombosis. 

38. A method as claimed in claim 36, wherein the condition is hypercoagulability in blood 
and tissues. 
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39. A process for the preparation of a compound as defined in claim I w*ich process 
comprises: 

(a) the coupling of a compound of fomiula V, 
(CHj)p (CHJ, 

wherein p, q, K\ and are as defined in claim 1 with a compound of formula VI. 



R* 




wherein R^, Y, n and B are as defined in claim 1; or 
(b) the coupling of a compound of fomiula VII, 




VII 



vAerein p. q, K\ r\ R\ R^ and Y arc as defined in claim 1 with a compound of formula 

vm. 

H2N^CH2)n-B Vra 
wherein n and B are as defined in claim 1. 
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40. A compound of fomula XTV, 




iVd iVe tvf 

D' and independently represent H or benzyloxycarbonyl and p, q, k\ V}^ R^, R^, Y, n, R^, 
X' and are as defined in claim 1 , provided that and do not both represent H. 
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